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N NOVEMBER, Practical Electro- 

nics celebrated its twenty-first 
birthday. In those twenty one 
years the magazine has grown into 
one of the most widely respected 
popular electronics titles. Each 
issue is read avidly by tens of 
thousands all over the world. For 
all these years Practical Electronics 
has been under the ownership and 
guidance of /PC Magazines Ltd. 
Now the magazine has changed 
ownership and will from the next 
issue be under the guidance of 
Practical Electronics Maga- 
zines Ltd. The new owners will 
continue the tradition of quality and 
advancement in the exciting field of 
electronic technology. 

The editorship of Practical Elec- 
tronics is being taken over by my- 
self, Nick Hampshire. | have written 
many books on computing and 
electronics, and have edited and 
published several computer maga- 
zines. Richard Barron the current 
assistant editor is staying with the 
magazine and will help to ensure 
that the magazine continues to 
provide our existing and loyal 
readers with the kind of articles 
and projects which has made Prac- 
tical Electronics the success that it 
is today. | shall also be acting as 
publisher in association with 
Angelo Zgorelec who is well 
known to many as the founder of 
Personal Computer World Maga- 
zine, the first European personal 
computer magazine. 

| wish to assure all our readers, 
subscribers and advertisers, that 
Practical Electronics under its new 
ownership will continue to provide 
the kind of editorial which you both 
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expect and demand. Expanding the 
size of the magazine will give me 
space to include new editorial ma- 
terial, thereby allowing more ex- 
tensive coverage of subjects relat- 
ing to leading edge LSI and micro 
technologies. To help decide what 
you as readers want from the mag- 
azine | am including in this issue a 
special reader survey. | hope that 
as many readers as possible will 
complete and return the survey 
form (see page 25). This is impor- 
tant since it is on the basis of this 
research that | will decide on the 
editorial contents, and what type 
of projects to include in future 
issues. 


WELCOME CRITICISM 

| would welcome any ideas or 
criticism from our readers and 
advertisers. | would also like to 
encourage any readers who have 
developed a project which they 
think others would like to hear 
about to write to me with a short 
description as | will constantly be 
looking for new authors with good, 
original and innovative ideas. 

| wish to take the opportunity of 
thanking my predecessors as edi- 
tors, Mike Kenward, and founding 
editor Fred Bennett, for the great 
job they have done over the last 
twenty one years. | am looking 
forward to continuing this tradition 
of high standards over the next 
twenty one years of Practical Elec- 
tronics, and | hope all our loyal 
readers will agree. 


.-. Nick Hampshire 


BACK NUMBERS and BINDERS .. . 


Copies of most of our recent 


issues are available from: Post 
Sales Department (Practical 


Electronics}, Practical Electron- 
ics Magazines Ltd., 16 Garway 
Road, London W2, at £1.40 | SLEGTRONICS 
each including Inland/Overseas : 
p&p. Please state month and 
year of issue required. ; 

Binders for PE are available 
from the same address as back 
numbers at £5.50 each to UK or 
overseas addresses, including 
postage, packing and VAT. 


children. 


The result is the successful Wirral Elec- 
tronics Pack, now being offered to schools 
and education authorities throughout 
Britain. 

The pack is permanently housed in a 
carton with a fitted cellular plastic interior 
liner—the individual cells containing separ- 
ately all the materials necessary for simply 
constructing 10 experiments which will 
introduce 3rd and 4th. year juniors or 1st 
year secondary school pupils to the funda- 
mental concepts of electronics. 


A new world record for optical fibre transmis- 
sion set by British Telecom promises to help 
contain the cost of expanding the network. A 
team of engineers have succeeded in trans- 
mitting data over 32 km of singlemode fibre 
at a rate of 24 Gbit/s, the fastest rate yet 
achieved over an installed cable. 

Unlike previous laboratory demonstra- 
tions this feat was achieved over an existing 
cable. It illustrates the feasibility of upgrad- 
ing existing optical systems without the need 
to replace cables, Considerable sums could 


10 START? 


At what age should one start to learn about electronics? The 
answer—as early as possible! At least, that is the idea in Wirral, 
where the Borough's Education Authority asked Bromborough’s 
INTECH (Information Technology Centre) to develop an idea of 
Simon Jones, a teacher at Sandbrook Primary School, Wallasey, for 
teaching basic electronics to primary and early secondary school 


Worksheets are included which instruct 
users—both teachers and pupils—how to 
set up each experiment correctly to 
achieve an end result. Each experiment 
demonstrates the nature of electricity and 
how it flows in a circuit. 

Power is supplied cheaply and safely by 
4 ordinary 1-5 volt HP2 or equivalent dry 
batteries (not included). Spacers gripped 
between the batteries provide tapping 
points for 1-5, 3, 4-5 or 6 volts as required. 

Project No. 12 gives instruction in build- 
ing a multifunction alarm system (intruder 
and fire), but children and teachers can 
develop their own projects from. there 
~—the Electronics Pack is a springboard 
rather than a closed learning system. 

This is. further borne out by the fact that 
Stage Il, which will link more advanced 
experiments to school computers, is al- 
ready being developed. Stage II will then 
make a bridge to the Micro-Electronics for 
All course. (See Practical Electronics Jan- 
uary and February.) 

For further information on the Wirral 
Electronics Pack Stage | (£22.25 inc VAT 
and p&p) contact Bromborough INTECH 
Centre Ltd. (051-334 2771). 
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be saved in the future by providing only new 
terminal electronics to expand the capacity 
of cables rather than replacing complete 
systems. 

The data rate achieved, 2,400 million bits 
of information per second, represent a 16- 
fold capacity increase over the existing 140 
Mbit/s systems. It is- equivalent to passing 
30,720 separate speech channels, or 32 full- 
bandwidth colour television pictures, down 
the same single-optical fibre. 

The key factor in the trial was the use of a 
ridge-waveguide distributed feedback (DFB) 
laser, developed at British Telecom’s Martle- 
sham research laboratories. It gives an abso- 
lutely pure single wavelength output at 1-52 
microns, which is necessary to avoid the 
distortion which would occur with less pure, 
multi-wavelength signal sources in this ap- 
plication. The wavelength, longer than that 
used by current fibre systems (1-3 microns), 
was chosen because of the significantly lower 
losses (and hence further transmission) at 
this frequency. 

The record was set on a cable linking 
Birmingham with Tamworth. 


SATELLITE’ 
TRACKER 


Two Satellites, UOSAT 1, launched in 1981 
and known as OSCAR 9, and UOSAT 2 or 
OSCAR 11, launched in March 1984, are 
helping to generate more enthusiasm from 
pupils for geometry, maths, science, geo- 
graphy and computer systems. But until 
recently communicating with OSCAR 9 
and OSCAR 11 has not been easy, involving 
electronics, computing and satellite track- 
ing knowledge. 

Now, after 15 months of work, the prob- 
lems have been eliminated by Steve Webb 
whose track record in the electronics indus- 
try includes ten years work with Ferranti 
and Marconi on space and defence satellite 
systems. 

Steve developed a basic receiver for his 
children after they got bored playing space 
invader games on their home computers 
—and they were thrilled to be able to 
receive data, news bulletins, and messages 
from space. He says his children provided 
the inspiration for ASTRID (Automatic 
Satellite Telemetry Receiver and Informa- 
tion Decoder) which is now about to be 
launched world-wide. 
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The fully automatic system will operate 
with any computer that has a suitable serial 
interface. Its system was originally devel- 
oped with the BBC Micro because of the 
good quality educational software readily 
available with this computer. However, 
ASTRID has now been adapted for the 
Sinclair Spectrum and others. 

The antenna can be attached to a TV 
mast, even a garden fence, providing it can 
see as much sky as possible. Some who have 
tested the product say it will even work with 
the aerial indoors. 

ASTRID costs £149 (inc. VAT and p&p), 
it is supplied with receiver/decoder, an- 
tenna, power supply and leads plus test tape 
with display software. For further details 
contact, M. M. Microwave Ltd., Kirby- 
moorside, York YO6 6DW., (0751 31620). 


IDEA °86 (Internepcon Development in 
Electronics Award) is a new award scheme 
initiated by Cahners Exhibitions Ltd.—the 
organisers of Internepcon, the UK’s longest 
running national electronics show. The 
impetus behind IDEA °86 is to not only 
encourage the tradition of British innovation, 
but also provide the professional support 
necessary to manufacture and successfully 
promote and market the design. IDEA was 
officially launched in January this year. 

The entrants will be taken from three main 
areas—individuals with an idea who are 
prepared to go into full time business, stu- 
dents in the final year of an elelctronics 
degree or other suitable technical qualifica- 
tion and small independent companies em- 
ploying less than 10 staff. 

IDEA °86 has, therefore, been conceived to 
encourage and help develop those ideas on 
new products which might otherwise be lost 
to industry. 

The awards will be a bi-annual event—pro- 
viding an ongoing impetus for new enterprise 
in the UK electronics industry, and continu- 
ously supporting those innovations through 
to the marketplace. 

Entry deatails and further information can 
be obtained from Lucinda Hopkins/Chris 
Corfield, Infopress Limited on 01-353 2320. 


DOP! SORRY 


In the January news item ‘CD With a 
Difference’ we wrongly stated that the 
CARIN navigation system was presently 
available, we also published an approxi- 
mate cost price. 

Unfortunately we have since been in- 
formed that our source of information was 
inaccurate, Philips have demonstrated a 
prototype installation in Eindhoven and 
fully expect to be manufacturing a product 
sometime in the future. However, the time 
scale on this will be measured in years 
rather than months and therefore no infor- 
mation can be given on launch dates or 
prices.—Apologies to all concerned. 


OUI... 


Please check dates before setting out, as we cannot guarantee 
the accuracy of the information presented below. Note: some 
exhibitions may be trade only. If you are organising any electrical/ 
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Advance House of instruments has recently 
appointed the Bedfordshire-based Beds. In- 
dustrial Calibration Centre on an exclusive 
basis to provide a back-up service for in and 
out of warranty repairs on the Advance 
House of Instruments’ ranges of electronic 
test and measuring instruments. 

Beds. industrial Calibration Centre under- 
takes repair, servicing, and calibration of a 
wide range of instruments and also provides 
an emergency repair facility and a 7-day 
turnround as standard for calibration. Preci- 
sion measurements are performed in a mod- 
erm, clean, temperature-controlled room and 
are traceable to the National Physical Labora- 
tory via the British Calibration Service. Re- 
paired and calibrated equipment is soak 
tested and given a final test prior to being 
wrapped and delivered. All equipment re- 
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alibration Service 
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pairs and calibration is supported by full 
documentation in the form of fault reports. 
Calibration certificates are available at a 
nominal cost. Information from Advance 
House of Instruments, Raynham Road, 
Bishop's Stortford, Herts CM23 5PF. 
(0799 26699). 
f= pe 


IT'S A SMALL WORLD 


Very often in our field we need to take a 
close look at our work, it is not always easy to 
illuminate the area at the same time. The 
Spirig Pocket Inspection Microscopes will, 
however, solve both these problems at the 
same time. Arguably these aids are being 
marketed as pocket size, they are certainly 
portable and would be a handy addition to 
the hobbyist toolkit. 

Two types are available—the Spirig 30 
(30x magnification) and the Spirig 100 
(100x magnification). Their prices are 


POINTS 
ARISING... 


BURGLAR ALARM 

Feb ‘86 

The 12V bulb used to indicate an alarm 
condition should be connected to termi- 
nals 13 and 14 and not terminals 3 and 4 
as stated in paragraph 1, page 31 of the 
Burglar Alarm project. Terminal 3 is con- 
nected directly to the mains as shown in 
Fig. 5. 
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electronics, radio or scientific event, big or small, we shall be glad to 


include it here. Address details to Brian Butler. 


Sound Eighty Six Feb. 18-20. Novotel, Hammersmith. F 
Electrex ’86 Feb. 24-28. NEC, Birmingham. G 
Scottish Electronics Technology Show Feb. 25-27. Exbn. Centre, 


Glasgow. B 


Business Telecom °86 Mar. 4-6. Barbican Centre. I 
Instrumentation °86 Mar. 5/6. Cresh Hotel, Bristol. J 


£22.42 and £32.77 respectively (inc. VAT 
and p&p). From Cobonic Ltd., 32 Ludlow 
Road, Guildford, Surrey GU2 SNW. (0483 
505260), 


Briefly... 


It looks likely that Amstrad will launch a 
combined TV/Video-recorder later this year. 
According to reports, the machine could be 
the first of its kind, having the capability of 
receiving TV broadcasts in full. So far 
similar combinations have only incorporated 
monitors, they are used for business presen- 
tations etc. 

Whilst on the subject of Amstrad ma- 
chines, it has been brought to our attention 
that ‘Locoscript’ discs for the 8256 have an 
inherent bug (page number insertion fails to 
operate). Replacements available free of 
charge. 


Atari Computer Show Mar. 7-9. Novotel, Hammersmith. O 
Electro-Optics/Laser International Mar. 18-20. Metropole, Brigh- 


Robotics and Automated Systems Mar. 25/26. Imperial College. P 
CAD °86 Apr. 8-10. Metropole, Brighton. L 

Internepcon Production Show Apr. 8-10. NEC, Birmingham. B 
British Electronics Week Apr. 29—-May 1. Olympia. N 


B Cahners. @ 01-891 5051 
F ASCE Ltd. @ 06286 67633 


G Electrex Ltd. @ 0483 222888 


I Online @ 01-868 4466 


J Trident Int. Ex. Ltd. @ 0822 4671 


L Butterworth Scientific Ltd. @ 0483 31261 


O Database @ 061-456 8383 
P Imperial College @ 01-589 5111 


— Fibre Optic 


Audio Link © 


R.A.Penfold 


Guided light audio transmission system 


—experimenting with fibre optics 


F > pata there has been a great deal written about fibre-optics 
in the technical press over the years, and this technology is 
now beginning to have a real impact in the communications 
industry, fibre-optic constructional projects seem to have been all 
but nonexistent so far. While it has to be admitted that the 
capabilities of fibre-optic cable are far in excess of anything most 
amateur users are likely to require (when did you last want to send 
twenty-five TV signals over a single cable), simple data links can 
also be provided, and can be surprisingly inexpensive. The cable 
itself has fallen in price over the years, and is now just a little more 
expensive than ordinary electric cable. 

This article describes a simple fibre-optic audio link which does 
not require any special or difficult to obtain electronic compon- 
ents. A frequency modulation system is used to give good 
linearity and a signal to noise ratio of better than 60dB. A high 
brightness I.e.d. is used as the modulated-light source and an 
ordinary phototransistor acts as the light receiver. The prototype 
has only been tried over a range of 20m, and this should be 
adequate for most purposes. This range is achieved with ease 
though, and the system should be capable of operating over a 
substantially greater range without the need for any modifica- 
tions. Whether or not the system has any real advantages over an 
ordinary electric-cable link is debatable, but at the very least it 
represents an interesting project for schools and experimenters. 


AMPLIFIER 


Fig. 2. Receiver block diagram 


AMPLIFIER 


PHASE 
COMPARATOR 


BUFFER 


Fig. 1. Transmitter block diagram 


essary to have clear air between the emitter and the detector. 
Whether the cable is laid out in a straight line or bent into a 
complex shape, the degree of attenuation it provides remains 
much the same. 

There are two basic types of modulation that can be applied to 


‘this application, AM (amplitude modulation) and FM (frequency 


modulation). With amplitude modulation the transmitting l.e.d. is 
at about half brightness under quiescent conditions, and its 
brightness is varied in sympathy with the audio input voltage. 
Positive input voltages give a proportional increase in brightness, 
while negative voltages give a proportional decrease in bright- 
ness. The photodetector is connected in a potential divider circuit 
which is in turn connected across a voltage source. The varying 
light level is thus converted to varying resistance through the 
detector element, and to a varying voltage by the potential divider 
circuit. 


SYSTEM OPERATION 

The type of cable needed for a link of this type is a single 
polymer filament of about 1mm in diameter and covered with 
plastic sleeving to protect the core. The latter gives the cable an 
appearance which is very much the same as ordinary single core 
insulated electric cable, but the fibre-optic cable is generally a little 
less flexible though. Light fed in at one end of the cable tends to 
travel down the filament, reflecting from one wall to the other, 
eventually emerging at the other end. The difficulty when 
producing fibre-optic cable is to keep the losses down to a low 
level, and a typical (inexpensive} modern cable has an attenuation 
of about 1dB per metre. In other words, the light level reduces by 
a factor of ten for every 20m of cable. 

This may not seem to be very good in comparison to an 
ordinary coaxial cable, and only represents about one tenth of the 
range for a given level of attenuation, but it is adequate for many 
purposes. If used to link an |.e.d. to a photodetector, the range ob- 
tained via the cable is vastly more than can be obtained by simply 
directing the light direct from the I.e.d. to the detector. Of course, 
the other advantage of using a fibre-optic cable is that it is not nec- 


10 


Although an AM system has the advantage of being extremely 
simple, it has a major drawback in that any non-linearity anywhere 
in the system produces distortion on the audio output signal. In 
practice quite significant levels of distortion would almost certain- 
ly result, and it is better to use an FM system where non-linearity 
in the l.e.d., l.e.d. driver, and photodetector do not affect the 
audio output quality. This equipment uses a simple FM set-up, and 
the block diagrams for the transmitter and receiver are shown in 
Fig. 1 and Fig. 2 respectively. 

The transmitter is slightly the more simple of the two devices, 
and really consists of little more than a VCO {voltage controlled 
oscillator). The output frequency of the VCO is dependent on the 
control voltage, and this voltage is modulated by the audio input 
signal. The receiver must convert the variations in frequency back 
into an audio signal using some form of frequency to voltage 
converter. The I.e.d. is simply being switched on and off, and it is 
the switching frequency rather than the |.e.d. brightness that is 
proportional to the amplitude of the audio input signal. Therefore 
the |.e.d. and photodetector cannot introduce distortion into the 
system. An FM system is not distortionless though, and the VCO 
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must have good linearity, as must the frequency to voltage 
converter at the receiver, if a good quality audio output is to be ob- 
tained. In practice good VCO and detector linearity are easily 
achieved. 


TRANSMITTER AND RECEIVER 
Returning to Fig. 1, the transmitter is more than just a VCO, and 


quency, and provided the VCO has good linearity, it provides the 
required linear frequency to voltage conversion. A phase locked 
loop may seem to be an unnecessarily complex way of doing 
things, but using a suitable PLL integrated circuit this type of 
detector can actually be very simple and inexpensive. PLL 
detectors give excellent results, and an acceptable signal to noise 
ratio from weak and noise infested input signals. 


Fig. 3. Transmitter circuit diagram 


one of the additional stages is a buffer stage at the output which 
provides a reasonably high drive current to the |.e.d. A buffer 
stage at the input gives the circuit a fairly high input impedance 
and provides a low output impedance to drive a lowpass filter 
circuit. This stage ensures that the excessive modualtion frequen- 
cies are not allowed to reach the VCO. A bias voltage for the 
control input of the VCO is supplied by the buffer stage via the 
lowpass filter. 

A phototransistor is used as the light detector, and this 
provides good sensitivity at the fairly high carrier frequency of 
around 100kHz. Another point in favour of phototransistors is 
that they are readily available with a built-in lens that gives a fairly 
narrow viewing angle. This is important in this application as it 
helps to ensure that the light from the end of the cable is efficiently 
coupled to the semiconductor detector element. The output from 
the detector circuit is quite low at typically only a few mV RMS or 
less. A two stage high gain amplifier is used to boost and clip the 
signal to give virtually squarewave output to drive the frequency 
to voltage converter circuit. 


PHASE LOCKED LOOP 

A phase locked loop provides the frequency to voltage 
conversion. The phase comparator, lowpass filter, and VCO make 
up the phase locked loop. The relative phase and frequency of the 
input signal and the VCO are checked by the phase comparator, 
which provides a series of output pulses. These pulses are 
integrated by the lowpass filter to produce a reasonably smooth 
control voltage for the VCO. If the VCO is at a lower frequency 
than the input signal or even if it is just slightly lagging the input 
signal in phase, the output from the lowpass filter goes to a high 
voltage and boosts the operating frequency of the VCO. Similarly, 
if the VCO is at a higher frequency than the input frequency, or 
leading it in phase, the output of the lowpass filter goes to a low 
voltage. This reduces the VCO's operating frequency. 

There is a negative feedback action here which results in the 
VCO locking on to the same frequency as the input signal, and 
also keeping in phase with it. This assumes that the input 
frequency is within the locking range of the circuit. For proper 
demodulation the carrier frequency of the transmitter must be 
roughly matched to the centre frequency of the VCO in the PLL, 
and the deviation at the transmitter must not take the carrier 
outside the locking range of the PLL. Severe distortion usually 
results if lock is lost on signal peaks. 

Of coures, in this application it is not the output of the VCO that 
is of value, but the control voltage from the lowpass filter. This 
rises and falls in sympathy with fluctuations in the input fre- 
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The demodulated audio output is fed via a buffer stage to a 
second lowpass filter. This filter ensures that there is no 
significant carrier breakthrough at the output, and as it is an active 
type it also provides the unit with a low output impedance. 


TRANSMITTER CIRCUIT 

Fig. 3 shows the circuit diagram for the transmitter, The circuit 
is designed around IC3 which is a CMOS 4046BE phase locked 
loop, but in this circuit only the VCO section of the device is 
utilized. C6, R6, and VR1 are the timing components, and VR11 is 
adjusted to match the centre frequency of the transmitter VCO to 
that of the PLL decoder in the receiver circuit. The carrier 
frequency of the prototype is just over 100kHz, and the peak 
deviation can be quite high at up to about 30kHz or so. 

TR1 operates as an emitter follower buffer stage at the output 
of the VCO, and this drives the l.e.d., D1 at a current of 
approximately 40mA. The output waveform of IC1 is a 
squarewave signal, and D1 is therefore switched off for about 
50% of the time. This gives an average l.e.d. current of about 
20mA. Originally a higher |.e.d. current was used, together with 
an ordinary 5mm red l|.e.d., but this gave poor results with a 
mediocre signal to noise ratio. In fact it was difficult to align the 
optics accurately enough to get the system to operate at all. Filing 
down the lens on the |.e.d. gave a much improved signal to noise 
ratio, but optical alignment remained critical. In the final unit a high 
brightness red I.e.d. is used, and the specified device (a COV51J) 
was found to give excellent results. Even using an average |.e.d. 
current of only around 20mA a good signal to noise ratio is 
provided, and optical alignment is far from critical. An infra-red 
l.e.d. might give improved results since most phototransistors 
have a response which peaks in the infra-red part of the spectrum. 
However, not all fibre-optic cables will transmit efficiently in the 
infra-red part of the spectrum, and the cable used in the prototype 
proved to be very inefficient with an infra-red source. A high 
brightness red |.e.d. probalby represents the safest option. 

(C1 is the input buffer stage and it gives the unit an input 
impedance of nominally 50k. The lowpass filter is based on IC2 
which also operates as a unity voltage gain buffer stage. The filter 
is a conventional third order (18dB per octave) type which gives 
the system a bandwidth of about 15kHz. This is marginally less 
than the full audio range, but is sufficient to provide a very 
respectable audio quality (comparable to FM radio). 


RECEIVER CIRCUIT 


The circuit diagram of the receiver appears in Fig. 4. TR2 is the 
phototransistor, and although a BPX25 is specified for this 
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Fig. 4. Receiver circuit diagram 


component, similar devices such as the TIL81, and BPY62 seem 
to work equally well. The collector to emitter resistance of TR2 is 
connected with R9 to form a potential divider across the supply 
lines. The pulses of light cause the collector to emitter resistance 
of TR2 to fall slightly, and this generates small negative pulses at 
the collector of TR2. R8 provides TR2 with a small quiescent bias 
current which aids its sensitivity and high frequency performance. 

TR3 is connected as a high gain common emitter amplifier, and 
it provides the first stage of amplification. IC4 is connected as an 
inverting amplifier with a voltge gain of 20dB, and this provides 
the second stage of amplification. The clipped signal at the output 
of IC4 is compatible with the input of IC5, which is another 
4046BE CMOS phase locked loop. In this case it is used as the 
phase locked loop detector. The link across pins 3 and 4 connects 
the output of the VCO to the input of the phase detectors (only 
one of which is used here). R19 and C12 form the lowpass filter 
between the phase comparator’s output and the control input of 
the VCO, while C11 and R17 are the VCO's timing components. 
R18 is the load resistor for the built-in source follower buffer stage 
of IC5, and it is from here that the demodulated audio signal is 
taken. 

IC6 is used as the basis of the lowpass filter at the output of the 
unit, and this is essentially the same as the filter at the input of the 
transmitter. The circuit will handle signal voltages of up to about 
1V RMS or so with distortion of under 1%. Although one might 
expect there to be exactly unity voltage gain through the system, 
there is in fact a loss of a few dB. This is due to the buffer stage in 
IC5 having a voltage gain of somewhat less than unity. 


CONSTRUCTION 

Printed circuit designs for the transmitter and receiver are 
shown in Fig. 5 and Fig. 6 respectively. Both boards are pretty 
straightforward to construct, but bear in mind that IC3 to IC6 are 
all MOS devices, and that they consequently require the normal 
antistatic handling precautions. 

D1 and TR1 are mounted horizontally on their respective 


‘boards. The boards are then mounted on the base panels of the 


cases with D1 and TR1 positioned behind holes drilled in the front 
panels. Cases of about 150mm by 100mm by 50mm are suitable 
incidentally. There is no fibre-optic equivalent of a 3-5mm jack . 
plug and socket available, and so something has to improvised. 
Fig. 7 shows the arrangement used in the prototype equipment. 
The front panel holes are fitted with small grommets having an 
inside diameter of about 5mm. Some sleeving is then used to link 
each grommet to its opto device, so that when the end of the 
cable is pushed into the grommet it is guided to the opto device. 
Heat-shrink sleeving is ideal, as the opto devices have a wider 
diameter than the cable, and by shrinking the sleeving the cable 
will be made a tighter and more reliable fit. The sleeving must be 
fitted and shrunk prior to mounting each opto device. It can be 
shrunk by holding it over the flame from a match, and rotating the 
sleeving so as to heat it evenly over its entire surface. Be very 
careful not to overheat the sleeving or the component, or your 
fingers for that matter. This system seems to work very well in 
practice, making the fibre-optic cable as easy to use as an 
ordinary audio cable fitted with jacks. If you prefer not to use heat- 
shrink sleeving, results seem to be perfectly acceptable using 
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Fig. 6. Receiver p.c.b. layout 
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Fig. 7. Fibre optic : 
‘connection details FRONT PANEL 


HEAT SHRINK 
SLEEVING 


ordinary PVC sleeving having an inside diameter of about 5mm. 

The current consumption figures for the transmitter and 
receiver units are about 28mA and 10mA respectively. This 
permits economic battery operation, but in both cases it is 
advisable to use a fairly high capacity type, such as a PP9 or six 
HP7 size cells in a plastic battery holder. Connection to the latter is 
via an ordinary PP3 style battery clip. 

Fibre-optic cable is often supplied with rather rough cut ends 
which do not aid good light transmission. Much more efficient 
light transmission can usually be obtained by cutting off a small 
piece from each end of the cable using a sharp modelling knife, 
making the cuts as cleanly as possible and at a right angle to the 
cable. Provided a good clean cut is made there should be no need 
to polish the ends of the cable in order to obtain good results. A 
very important point to note is the the fibre-optic cable will 
fracture and cease to provide good light transmission if it is bent 
into tight curves. The minimum recommended radius for most 
single filament cables is about 20mm. 


f iW. 1,0, holder: 8 De ai. i ie: cele (2. off); Photos below illustrating both p.c.b.s 
‘battery. and connector: control knob; heatshrink sleev- 
ing; grommet; fixings, ete. 5% ee 


ADJUSTMENT AND USE 

For good results the system must be used with a fairly high 
input level of around 250mV to 1V RMS. For use with a low level 
source such as a microphone a suitable preamplifier must be 
added ahead of the transmitter. Only one adjustment has to be 
made to the completed system, and this is to set VR1 for 
optimum large signal handling ability. If an oscilloscope and audio 
signal generator are available these can be used to aid the correct 
adjustment of VR1, using the standard procedure: If suitable test: 
gear is not available it does not really matter, and VR1 can be 
given any setting that gives good results with no obvious 
distortion on the output signal. The PLL detector has a wide lock 
range and the setting of VR1 is not particularly critical. 


a 


If stereo operation is required, the most simple way of achieving 
this (and the only way with the present design) is to use a separate 
transmitter and receiver circuit for each channel, with a twin fibre- 
optic cable providing the link. Similarly, a twin cable plus two sets 
of circuits could be used to provide a two-way link. The signal to 
noise ratio should be quite good unless a very long connecting 
cable is used. If necessary though, a higher transmitter output 
power can be used to give an even lower noise level, and this 
merely entails reducing the value of R7 to about 47Q. Of course, 
this gives the transmitter a higher current consumption. 
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Fig. 6.2. 6522 block diagram 


in register 13) is set. If T1 timer interrupts are enabled (see later), 
the IRQ user CPU interrupt line is also asserted low. 

The subsequent operation once the counter has reached zero 
depends on the setting of bits 6 and 7 in the auxiliary control 
register (ACR—register 11). The significance of these bits is shown 
in Fig. 6.3. If bit 6 is set to a 0, no further interrupts will occur until 
the counter has been reloaded. The counter will, however, continue 
to decrement to allow the CPU to determine the time since the 
interrupt occurred. This is known as the “one-shot” timer operating 
mode. If bit 6 is set to a 1, the contents of the two latches (T1L-L 
and T1L-H) will be re-loaded automatically into the counter when 
the count reaches zero, and the whole process will then repeat. The 
timer is here operating in ‘‘free-run” mode. 

In addition to generating interrupts, the timer can also be 
configured to drive the PB7 peripheral line. This behaviour is 


enabled when bit 7 in the ACR is set to a 1, and disabled when bit 7 
is set to a 0. In one-shot mode, PB7 goes low when the counter is 
loaded, and returns high when the count reaches zero. Thus, the 
timer can be used to generate a programmable pulse width; 
operation in this mode is illustrated in Fig. 6.4. In free-run mode, 
the state of PB7 is inverted every time the timer expires. In the 
simple case, this allows the production of a square wave output 
whose pulse width is not affected by the time taken to service the in- 
terrupt. In sophisticated applications, the latch settings may be 
altered after each interrupt (which will not affect the count 
currently running, but will determine the next setting), allowing 
complex waveforms to be synthesised using this mode of timer 
operation. 

Timer 2 (T2): The second timer operates either as an interval 
timer (in the one-shot mode only),.or as a counter for counting 


Table 6.2. 6522 peripheral registers 
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negative pulses on peripheral pin PB6. Selection of the mode of 
operation of T2 is controlled by bit 5 of the ACR, as shown in Fig. 
6.3. The timer comprises a write-only low-order latch (T2L-L), a 
read-only low-order counter (T2C-L), both sharing the same register 
address, and a read/write high-order counter (T2C-H). The two 
counter registers act as a 16-bit counter which counts down at the 0, 
clock rate. 
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Each interrupt flag also has associated with it an interrupt enable 
bit in the interupt enable register (register 14). This allows the CPU 
to decide in advance, for each possible source of interrupt in the 
VIA, whether this should be allowed to give rise to a user interrupt 
or not. This can save the CPU a lot of time in its own interrupt han- 
dling routines, and generally increases the flexibility of the system 
by devolving work from the CPU to the peripheral device. 
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Fig. 6.3. Auxiliary control register 
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Fig. 6.4..One-shot timer operation 


In the one-shot mode, T2 starts to count down when the CPU 
loads the high-order part of the counter, i.e. in the same manner as 
the operation of Tl in this mode. When a zero count is reached, the 
VIA generates an interrupt and sets the flag in the interrupt flag 
register (in this case it is bit 5 in register 13). 

In the pulse counting mode, however, T2 serves primarily to 
count a predetermined number of the negative-going pulses on PB6 
input and then generate an interrupt. This is accomplished by first 
loading a number into T2. Writing to T2C-H will clear the interrupt 
flag of any previous interrupt. The write operation will also cause 
the counter to decrement each time a pulse is applied to PB6. In or- 
der to be recognised, however, the pulse must be low on the leading 
edge of the 0, clock. When the count reaches zero, an interrupt will 
be generated, but the counter will continue to count. The pulse 
counting sequence is summarised in Fig. 6.5. 

Timer Interrupts: In both Tl and T2, the corresponding interrupt 
flags in register 13 are usually reset in one of two ways. The flag is 
cleared either by reading from the low-order half of the counter, or 
by writing to the high-order half of the counter. In each case, further 
timer interrupts will not be generated until the corresponding flag 
has been cleared. The interrupt flags may also be cleared directly by 
writing a | to the appropriate bit in register 13. 


WRITE T2C-H OPERATION J l 
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Fig. 6.5. Pulse counting mode 


To assist the CPU in determining the source of an interrupt in a 
micro system, the 6522 provides an easily tested flag (bit 7) in 
register 13 which indicates whether an interrupt exists within the 
VIA. If not, then the CPU can rapidly pass on to another device, 
without having to look in detail at the individual flags. 

Shift Register: The shift register (SR) allows serial data transfers 
to be performed into and out of CB2, i.e. serial-to-parallel and 
parallel-to-serial conversion between CBI and the SR, respectively. 
The shifter has eight different modes of operation (including a 
‘disabled’ mode), and the current mode of operation is selected by 
the setting of bits 2 to 4 in the auxiliary control register 
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Fig. 6.6. Shift in under control of T2 


(ACR—register 11). The values set in these bits allow selection of 
the shift direction (in/out), and control of the clock source (T2, 0,, 
or an external clock at CB1). All data shift operations are under 
control of an internal modulo-8 counter. 

Space does not allow us to examine all of the shift register modes 
in any detail, so we will limit ourselves to looking at just one of the 
seven possible active modes; mode 000 is the eighth mode which 
disables shifter operation. Mode 001 (i.e. bits 4 and 3 of ACR set to 
0, and bit 2 to 1), shifts data into the shift register under control of 
T2. Fig. 6.6 summarises the sequence to be described. During the 
operation, shift pulses are generated on the CB1 pin for use in the 
external circuitry. The time between these CB1 pulses is deter- 
mined by the system’s ®, clock period, and by the user-defined 
contents of the low order T2 latch (T2L-L). 

If the SR interrupt flag in register | 3 is already set, the shifting op- 
eration starts on the next read or write of the shift register 
(SR—register 10). Otherwise, the first shift will occur the next time 
that T2 expires after the SR read or write (hence explaining the 
dependence of performance on the value of the system’s ®, clock 
period). The first data bit is then shifted into the low-order bit of the 
SR. The first bit is subsequently shifted into the next higher bit of 
the SR every time there is a negative-going clock edge (from T2). 
The external circuitry should be arranged so that the shifter’s input 
data changes before the positive-going edge of the CBI clock. The 
data is then shifted into the SR during the 0, clock cycle following 
the positive-going edge of the CB1 clock. After eight CB1 pulses, the 
SR interrupt flag will be set, an interrupt will occur (if enabled), and 
shifting will cease. Thus the overall effect is to convert the serial 
data at CB2 into a parallel byte in SR. 

All this can but give a flavour of the power of the 6522. The VIA 
must be a candidate for ‘the’ peripheral device in a small micro 
system where there is only room for one such device, Now we turn 
our attention to the Z80. 


Z80 


The Z80 was designed by a group of one-time Intel employees 
who left and founded Zilog. The first product of this enterprise was 
and is one of the undisputed successes of its time. In addition to its 
definite technical advantages over the other micros of the time, it 

,, also gave the necessary impetus to one of the original ‘standards’ for 

FS small business computers by becoming the target CPU for CP/M. In 

«truth CP/M was originally developed for the 8080A, but with the 

» advent of the Z80 (a super-8080A, which does everything and more 
that an 8080A will do, including run 8080A code), subsequent 

’ CP/M developments tended to be directed more and more towards 
this powerful machine. It is interesting to consider in passing how 
many other of the processors which were introduced in 1977 are 
still being used in new machines in 1986. A brief look at the design 
of the ever-expanding Amstrad range soon shows that there is still 
plenty of mileage left in this device. 

So far so good, but what is it that made the Z80 such a popular 
micro with system builders? One of the answers must undoubtedly 
‘be the amount of software support which is available for the Z80. In 
many ways this is an answer to the original criticism that the Z80 
designers paid too high a price for retaining compatibility with the 
then very popular 8080A . With the benefit of 20-20 hindsight, the 
strong following which the Z80 gained from providing this 8080A 
compatibility, also gave it the vital headstart it needed in the 
second-generation 8-bit architecture race. 

The Z80 runs from a single +5V supply, and uses only a single 
chip to provide all of the functions necessary for the CPU. The pin 
functions and assignments for the Z80-CPU are shown in Fig. 6.7. 
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The Z80 features minicomputer-style I/O and vectored interrupts. 
It has a large instruction set of 158 instructions, including the 78 in- 
structions of the 8080A as a subset. These instructions provide 
extensive facilities for string, bit, byte and word operations. Block 
searches and block transfers, together with indexed and relative 
addressing result in very powerful data handling capabilities. 

Duplicate sets of both general-purpose and flag registers are 
provided, easing the design and operation of control software 
thorugh rapid context switching. The programming model of the 
Z80 is shown in Fig. 6.8. There are essentially three groups of 
registers in the Z80. The first consist of duplicate sets of 8-bit 
registers; a principal set and an alternative set (indicated by the * 
suffix). Both sets of registers have an accumulator, a flags register 
and six general-purpose registers. Transfer of data between these 
duplicate sets of registers is accomplished by means of “Exchange” 
instructions. The result is faster response to interrupts and easy, 
efficient implementation of such versatile techniques as back- 
ground/foreground processing. The second set of registers have 
assigned functions: Interrupt Register (I), Refresh Register (R), 
Index Registers (IX and IY), Stack Pointer (SP), and the Program 
Counter (PC). The third group consists of two interrupt status flip- 
flops and two flip-flops to identify the current interrupt status 
mode. It is perhaps worth a brief look at some of the registers which 
may not be familiar from looking at other micros. 
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oo BUS 


Fig. 6.7. Z80 pin functions and assignments 


Memory Refresh: This register provides a user-transparent 
dynamic memory refresh capability. The lower 7 bits are automati- 
cally incremented, and all 8 are placed on the address bus during 
each instruction fetch cycle refresh time (i.e. when the RFSH signal 
output is low). This can be used as a refresh address to the system’s 
dynamic memories, thereby simplifying system design. 

Interrupt Register: This register holds the upper 8 bits of the 
memory address to be used in forming the 16-bit address to point to 
the table of addresses for the interrupt service routines. This register 
is used in servicing interrupts in mode 2, where the lower 8 bits of 
the address are provided by the interrupting peripheral device. 
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Fig. 6.8. Z80 programming model 


Interrupt Mode: These flip-flops reflect the current interrupt 
mode, which may be 0, 1, or 2. Mode 0 is the 8080 mode, whereby 
the interrupting peripheral places an instruction on the bus. This is 
normally a restart instruction which will initiate a call to the 
selected one of eight restart locations in page zero of memory. Mode 
1 is very similiar to the NMI mode, but it jumps to the code 
contained at location 0038 for its service routine (whereas an NMI 
uses location 0066). This mode is intended for non-Z80/8080 
systems. Mode 2 is the flexible vectored mode described above, 
particularly intended to use the Z80 family and compatible 
peripheral devices most effectively. 


Z80 PERIPHERALS 


There are five major support peripherals which were designed 
specifically for the Z80. Instead of numbering these separately, it is 
common practise with the Z80 family to describe each device in 
terms of the family name, followed by the functional acronym 
(CPU, PIO, etc). Each device does, in fact, also have a conventional 
(different) part number, e.g. the standard Zilog Z80 CPU is the 
28400, or the 28300 if from the low power family. The popular 
peripheral chips in the Z80 family are described briefly below. 


Z80-PIO: The PIO (Parallel Input/Output) operates in both byte’ 


I/O transfer mode (with handshaking), and in bit mode (without 
handshaking). The PIO may be configured to interface with 
standard peripheral devices such as printers and keyboards. Typical 
part number: Z8420, 

Z80-CTC: The CTC (Counter/Timer Circuit) features four 
programmable 8-bit counter/timers, each of which has an 8-bit 
prescaler, Each of the four channels may be configured to operate in 
either counter or timer mode. Typical part number‘ Z8430. 

Z80-DMA: The DMA (Direct Memory Access) controller pro- 
vides dual-port data transfer operations, and also has the ability to 
terminate data transfer as a result of pattern match in the 
transferred data. Typical part number: Z8410. 

Z80-SIO: The SIO (Serial Input/Output) controller provides two 
channels. It is capable of operating in a variety of modes for both 
synchronous and asynchronus communications. Typical part num- 
ber: Z8440. 

Z80-DART: The DART (Dual Asynchronous Receiver/Trans- 
mitter) provides low cost asynchronous serial communication. It 
has two channels and a full modem control interface. Typical part 
number: 28470. 
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CONCLUSION 


This brings us to the end of our short series on the basics of micro 
systems. We hope that it has given enough of an insight into the 
workings of these fascinating machines to allow some sense to be 
made of the huge volumes of application data now available on the 
subject. As mentioned originally, a series such as this can hope to do 
little more than provide a general introduction to the subject. From 
here on the best course will depend very much how you wish to 
make use of of the basic technology. 

The cost of providing a particular level of capability, counter to 
the natural law in most other spheres of endeavour, iis likely to 
continue to fall for quite some time to come. The applications for 
micro system technology are generally limited only by the ingenuity 
of you, the designers, whilst the capabilities of the basic compon- 
ents are constantly being improved. The future for this technology 
therefore seems assured. 


Photo illustrating the BBC Micro which employs a 6502 CPU 
as the main processor, but may use a Z80 as a second 
processor 


TO COME: Next month in PF we will be outlining details of some 
constructional projects which will employ both the 6502 and Z80 
microprocessors. 
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24 I/O lines located at any user port address 


HE BASIC used by the CPC464 has a wealth of commands 

which would make this computer very easy to use with a user 
port and control-device peripherals. There is of course one 
snag—the Amstrad computer has no user port, other than its 
dedicated Centronics Printer Port. 

The project described in this article provides 24 !/O lines which 
can be used, often directly, to control relays, l.e.d.s and other 
paraphernalia of the outside world. Special consideration has 
been given to the decoding circuitry so that it can respond to any 
of the CPC464 user-port addresses. The circuit is best built up on 
a piece of veroboard, and a PIA (Peripheral Interface Adaptor) of 
your choice can be included on the board if you wish. The 
preferred chip, and the one used in the prototype, is the 8255 
which will supply the full complement of 24 user lines, which can 
be programmed as inputs and/or outputs. 

In the present climate of chip shortages it’s a good idea to be 
flexible. The 8255, which incidentally is used inside the CPC464 
for keyboard and sound-chip duties, is not particularly cheap at 
the moment and you might wish to use instead a Z80 P10 or even 
a 6522 or 6521 PIA. 


DECODING 

The addresses which have been put aside for user peripherals 
are those with a high byte of F8, F9, FA or FB and a low byte in the 
range EO to FF. By a careful selection of TTL chips itis possible to 
tie in to any of those legal addresses. The starting point is to 
examine the BIT PATTERN of the range of addresses to see which 
bits remain constant and which bits are allowed to change. (see 
Fig. 1). 

The circuit design starts by assuming address AQ and A8 to be 
low and therefore decodes the most significant byte as 
11111000 F8. However, if port address F8xx clashes with 
another user add-on then one or both of bits A9 and A8 may be 
decided in the high condition which will give port addresses F9xx, 
FAxx or FBxx. Hence the w w bits are wired to shift the 1/O board 
to alternate blocks of address space. 

The least significant byte can change through 32 consecutive 
port addresses, as determined by the state of bits AO—-A4. The 
PIA chips like to have AO and A1 to themselves, and they will de- 
code these lines internally so we can forget about z z for the 
moment. 

Address lines A2, A3 and A4 are taken to a 3-line to 8-line 
decoder and the eight outputs are CHIP SELECT signals, one of 
which drives the onboard PIA. The remaining seven are available 
as select lines for other I/O boards, and their addresses are given 
in Fig. 2. 


CIRCUIT DESCRIPTION 

The port decoder uses IC 1, an 8-input NAND gate to decode all 
the address lines which are high (see Fig. 3}. When that is the case 
an intermediate enable signal E1 is produced. IC2 decodes the 
permanent lows A10 and IORQ. On the prototype IC2 is a 74LS54 
acting as a straightforward NOR gate and as such it will only 
produce an output when all inputs are low. When this is the case 
the second intermediate enable signal E2 occurs. E2 is ANDed 
with M1 to produce E3 (see Fig. 8). All !/O peripherals should be 
enabled only when M1 is in its high state, otherwise you will run 
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into problems when the Z80 CPU uses certain of its interrupt 
modes. IC3B normally has its two inputs tied high and so 
produces a low signal which is inverted by IC3C to form the 
remaining intermediate enable signal, E4. E4, E3 and E1 enable 
IC4, the 3-line to 8-line decoder, which then happily responds to 
the A2, A3 and A4 address lines to give a low chip-select pulse 
on one of its Q output lines. The stripboard layout is shown in 
Figs. 9 and 10. 

Block selection is made by changing one or both of the links LK1 
and LK2. If AQ is ‘high’ for the required address, LK1 should be 
strapped to pin B, and similarly, A8 should be linked through to 
pin D if it also is ‘‘high"’ for the required address. 

A RESET pulse is provided at switch-on time by the compo- 
nents C1 and R1. 


CONSTRUCTION 

The CPC464 has a 25 x 25 way edge-connector at standard 
0-1” spacing and a slot for a polarising key between track 21 and 
23. The odd-numbered tracks indicate the top or component side 
of the computer's p.c.b. As Fig. 4 shows, this is a standard 280 
CPU expansion bus, although it is labelled ‘Floppy Disc’’ by 
Amstrad in preparation for their disc system peripherals. 

A 30-way ribbon cable joins the 25 x 25 way connector to the 
\/O board. 34-way cable is the nearest standard size, although 
you may prefer to us? 10-way for the DATA lines, +5V and GND 
(since they are together at one end of the Veroboard) and 20-way 
for the remaining signals. The CPC464 signals are brought into the 
lefthand side of the board, where LK1 and LK2 in conjunction with 
ICs1—4 develop the eight chip-select signals QO—-Q7. On this 
board it is the QO signal which is used to enable the 8255, but for 
different addresses the other Q signals should be used as shown 
in Fig. 2. Plenty of room has been left on the righthand edge of the 
board so that if you wish the I/O lines can be taken to other 
components rather than being brought to the edge of the board. 
The 100n decoupling capacitors are not shown on the compo- 
nent overlay—they should be mounted across the supply pins of 
ICs 1-4 and since they are flat disc ceramic types, they can be 
mounted on the copper side of the board. The whole assembly 
should be housed in a plastic box, and if you don‘t require too 
many extra components beside the PIA then a Verobox type 201 
with dimensions of 205 x 140 x 40 will fit the bill nicely. The 1/O 
lines can be brought out to cheap screw-terminals mounted on 
the side of the box. 


THE 8255 

This is an NMOS IC which is easy to program to various input 
and output configurations, and simple to interface to other TTL 
and CMOS chips (see Fig. 5). Being of NMOS construction it only 
has a limited current drive on output, and currents over 16mA will 
overheat the IC. However, it is designed to drive 1 standard TTL 
load, and constructors are advised to place a cheap TTL buffer 
between their expensive PIA and the relays, etc. that are being 
driven. The 8255 can be damaged by static electricity and long 
wires trailing across work surfaces to some remote sensor are to 
be avoided: buffering using a 74LS04 is again the solution. Fig. 6 
shows some typical interface circuits for inputs, while Fig, 7 
shows how the 8255 should be buffered when its lines are used 
as outputs. 
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Fig. 1. Bit patterns 


43210 
12 E&Y t O wwihiywyz=z 
when ww = 0 then y y y can be used as 
a binary counter, decoded to give one of 
eight possible port BLOCKS: 
FRSEO-F6E3, FRE4-FBE7, FSEB-FGEB, FEEC-FBEF 
FSFO-FSFS, FEF4-F@F7, F@FS-FEFB, FEFC-FSFF 
Further decoding can be accomplished if the 
main port board uses a chip which can accept 
the z z signals. 
Any change in the decoding is made by 
changing links LK1 & LK2 on the board. 


AV=0 AB=0 AP=0 AGHWlL A?=1 ABK=1 


BO FEEO-FSES FIEO-FIES FBEO-FBES 
Q1 FSES-FBE7 FIE4-F9E7 FBE4-FBE7 
F@ES-FBEB FIEB-F9EB FBEB-FBEB 
FEEC-FBEF F9EC-F9EF FBEC-FBEF 
FRFO-F@FS F9FO-FIFS FBFO-FBFS 
F@F4-FBF7 F9F4-F9OF7 FBF4-FBF7 
FGFE-FEFB FIFE-F9FB FBF6-FBFB 
FOFC-FSEFF FOFC-F9FF FBFC-FBFF 


Fig. 2. Select line addresses 


Fig. 3. Full circuit diagram 


1C1 
741830 1c4 


24LS138 
IC3a 
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AQ 10 A 

AT 0) Piz as 

AS BC] P14 Ad PA3 1G] 

a3 15] D6 az PA2 

at iw [16 ao Pal 

0? 19C] P20 06 PAO 

ps 21C} P22 o4 RO 

ts 

D3 23C} [92402 GND 

D1 25C] 2600 re 

+5¥ 270] [26 MREG AO 

MI 2 30 RFSH pC? 
ToRG 31C) [32 RG pce 

WR 33C] [934 HALT PC5 

iNT 35C] [36 Nm PCé 
BusRD 370] [38 BUSAK PCO 


READY 39] (5940 BUSRESET PCI 
RESET 410] [42 Row EN PC2 
ROMDIS 43] [144 RAM RO PC3 


RAMDIS 45(] [746 CURSOR PBO 
LPEN 470] [4a Exp PBI 
GND 49] (O50 cLocK Pa2 


Fig. 4. Standard Z80 
expansion bus 


In its simplest configuration, the 8255 PIA has three 8-bit ports 
A, Band C, mapped at F8EO, F8E1 and F8E2. The CONTROL port 
is at F8E3. At power-on all the PIA lines are in a high impedance 
state and the ports must be set up by sending a control word to 
the chip. The 8255 can work in one of three modes, called O, 1 
and 2. Mode 0, the basic input/output mode, tends to be the one 
most often used. If you think you might like to use the more 
specialised modes 1 and 2, strobed |/O and bi-directional |/O, 
then the 8255 data sheet is worth purchasing. 

Providing you remember that PORT C is divided into two halves, 
upper and lower, and that these halves may be configured 
independently of each other, then MODE O operations are very 
straightforward. The Mode O control word is worked out by 
building a bit pattern made up as follows: 

DO Port C flower} PCO-3 1 0rO 


D1 Port B 1orO 
D2 Mode 0 0 
D3 Port C (upper) PC4-7_ 1 or O 
D4 PurtA 1orO 
D5 Mode 0 0 
D6 Mode 0 0 


D7 Select mode required O 

Load 1 for an INPUT, O for an OUTPUT 

Eg: OUT &F8E3,&X 10001001 causes PORTS 

A & B to become outputs, PORT C to be input. 

It is probably safest to test the 8255 by setting all the ports to 
input. With no signals attached, the high impedance lines should 
read 1 and change to O when you ground a particular input. 
Amstrad BASIC is particularly good at examining individual lines 
of input ports. Listing 1 shows the test routine. 

Having now got a working !/O board there are two other 
“goodies” in the Amstrad BASIC which you will want to use. The 
first is the logical operator AND which can be applied to bit 
patterns to form the highly useful masking function on an input 
value. Listing 2 reads a port and prints the result before, and 
after, masking. 

Logical OR, XOR and NOT can also be used to perform this 
bitwise manipulation of data. 

The command WAIT <P>, <M=>, (<I>) suspends a program 
flow until a given |/O port returns a particular value in the range 
0-255. The Amstrad manuals don’t really explain how this 
command works. P is the number of the port being monitored and 
M and | are integer expressions. If | is omitted, it is assumed to be 
zero. The port status is exclusive ORed with | and the result is 
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a 7. Typical outputs from the 
8255 


MICRO 
SWITCH 


TO MORE TTL 
LOGIC OR TO 
L,E.0. OR 

OPTO —ISOLATOR 


MICRO 
SWITCH 


TO MORE CMOS LOGIC 
eg: THE CMOS BILATERAL 
SWITCH ICs 


+3V TO FZ4V 


COLLECTOR 


OPTO— IN4O001 


ISOLATOR 


EMITTER CATHODE 


5 VOLT P 12 VOLT | 


TTL OR CMOS CMOS 


+5V TO+24V 
eg  OlL SUB-MIN RELAY. 


OPEN IN4O01 
COLLECTOR 
74LS05 


Fig. 6. Typical inputs to the 8255 


COMPONENT S.. 


eee 4 40k (4 off) 
RE. ©, 100k 
All ee ae £5% 


FILAMENT 2212V 


wo 0 Our iv VERA 
3.4.5.6 -400n cree off) 


* 


"74LS30 


100 REM ##TEST#* 

110 MODE 1:CLS 

120 PRINT “Apply ground to any input” 
130 OUT &FBES,2X1001TOL1 

140 PRINT “A B Cc" 

150 PRINT "76543210 76543210 74543210" 
160 LET AFINP (&FBEO) 

170 LET B=INP (&FBE1) 

180 LET CeINP (&FB8E2) 

190 PRINT BINS(A,8);" * 

200 PRINT BINS(B,8)3" " 

210 PRINT BINS(C,8) 

220 LOCATE 1,4:60TO 160 


Maepeia. bp  aeee Sampie RUM 

-- 16 pini.c. socket (1 off) aa ty Reply ground to any input 
~ 40 pini.c. socket 1 off) ; sew > = 76543210 76543210 76543210 
‘Scraw-terminale Feet se. e oe “25. Se VLLL9114 11211111 11411110 


Listing 1. Testing routine 


cz c3 Ce cs cé 
10y 100n 1000 100n 100n 
Fig. 8. Decoup- 
ling capacitors, 
+5V and the genera- 


REM mask out bits 6,1 


tion of E3 from MODE 1:CLS 
E2 and M1 using OUT BF BES, &x10011011 
ie = LET A=INP (FEO) 
Sagqna + + PRINT BINS(A,@) 
OR-INVER LET V=A AND &X10111101 


gate PRINT BINS(V,8) 
sToP 


1C2 
T4554 


Sample RUN 
11111111 
10111101 
Break in 170 


Listing 2. Read port and print routine 
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Fig. 9. Component layout of stripboard (actual size) 
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A selection of readers’ original circuit ideas. 

Why not submit your idea? Any idea published will 
be awarded sabe according to its merits. 

Each idea submitted must be accompanied by a 


declaration to the effect that it has been tried and 
tested, is the original work of the undersigned, and 
that it has not been offered or accepted for publica- 


tion elsewhere. Ht should be emphasised that these 
designs have not been proven by us. They will at any 
rate stimulate further thought. 

Articles submitted for publication should conform 
to the usual practices of this journal, e.g. with regard 
to abbreviations and circuit symbols, Diagrams 
should be on separate sheets, not in the text. 
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CLOCK SIGNAL TRACER 
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SIGNAL INPUTS 
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ye conventional logic probes are 
convenient for checking static logic 
states, they are less useful when it comes to 
tracing clock signals. As no indication of 
frequency or phase is given, an oscilloscope 
normally has to be used to check that the 
signal being monitored is the correct one. { 

The circuit, shown in Fig. 1, is for a test 
probe designed specifically for tracing TTL 


OUTPUTS 


LOW 


DISPLAYS 
LIT 


ETS Y, | ¥2 | Ya | Yo YELLOW-RED clock signals. A 74S139 two to four line | 
pO] 1 decoder is used to drive four l.e.d.s which 
1 | Y YELLOW-GREEN indicate a variety of signal states. 


The clock to be traced is fed as a reference 
to the B input of the chip, Pin 3, while input 
A, Pin 2, is connected to the probe tip. Fig. 2 
shows a range of input signal conditions, 
and the table (Table 1) details the resultant 
switching states of the i.c. When both the 
inputs are the same frequency and phase, 
ie. the signal is correct, both green l.e.d.s 
glow. For an inverted clock signal, the 
yellow and red l.e.d.s are on. A logic | at the 
probe tip turns on yellow and green l.e.d.s, 
while a logic 0 brings on green and red. Note 
that for all frequencies below the reference 
all four Le.d.s are lit. 


P. Thompson, 
Lennoxtown, 
Glasgow. 
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F you're a regular Practical Electronics 


MASTER CLOCK reader and have not yet submitted an 


lo idea for Ingenuity Unlimited, why not 
have a go now? We will pay £50.00 per 
page for any article published. 
We are looking for original ideas 
which may be simple or complex, but 


most importantly are interesting, un- 
usual or ingenius. 


What to do 


Just send in your idea to our editorial 
offices, together with a declaration to the 
effect that it has been tried and tested, is 
the original work of the undersigned and 


Fig. 1. Circuit diagram of the Clock Signal Tracer 
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Fig. 2. Waveform diagram of the Clock Signal Tracer 
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that it has not been offered or accepted 
for publication elsewhere. It should be 
emphasised that these designs have not 
been proved by us, but are included to 
stimulate further thought. 

Articles submitted for publication 
should conform to the usual practices of 
this journal, e.g. with regard to abbrevia- 
tions and circuit symbols, Diagrams 
should be on separate sheets, not in the 
text. 


Please send your ideas to: 
Ingenuity Unlimited, Practical Elec- 
tronics, 16 Garway Road, London, W2. 
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~ _HARDWARE 
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HIS board is designed to plug into the Spectrum edge 
connector and will allow the user to escape from any running 
program without losing the memory contents. The action is 
similar to the BREAK key on the keyboard which jumps to a 
routine within the Spectrum ROM, prints BREAK and eventually 
returns to the (K) cursor. However, if the BREAK key has been 
disabled then the only recourse is to remove the power plug and 
reset the system which, of course, clears the memory contents. It 
can also be extremely annoying if during the development of a 
machine code program the computer enters a loop from which 
there is no escape. With this circuit the Z8O processor can be 
forced to jump to any address within the Spectrum ROM or RAM. 
When running BASIC programs the address of the Auto List 
routine in ROM was chosen as the restart address. Executing a 
hardware restart therefore produces an automatic listing of the 
first few lines of the program and then returns to the (K) cursor. 
Further Basic commands can now be entered and run, eg, LIST, 
SAVE, PRINT, etc. 

When running machine code the address EOQOOH was chosen. 
This is the start address of the ZEUS Assembler program which is 
used to develop machine code programs. Again, executing a 
hardware restart produces the ZEUS copyright symbol and by 
using O for OLD, the original source file can be recovered intact. 

However, any restart address may be chosen to meet the needs 
of the individual user. 


SYSTEM OUTLINE 

When the Spectrum is first switched on the reset line to the Z80 
processor chip is held low for a few milliseconds by the action of 
Ra and Ca (Fig. 1). This ensures that the supply rails are given time 
to reach their operating voltage and that the CPU is properly 
initialized. 

The initialisation includes: 

1) Forcing the program counter to zero. 

2) Disabling the interrupts. 

3) Setting the interrupt register to OOH. 

4) Setting the refresh register to OOH. 

5) Setting interrupt MODE O. 

During reset time the address bus and the data bus go to a high 
impedance state and all control output signals go to the inactive 
state. No refresh of the dynamic memory occurs so that all 
memory contents are lost. 

When the reset line eventually goes high the CPU executes the 
instruction found at address OOOOH which is the start of the 
initialisation procedure for the Sinclair Basic in ROM. 

(n order to restart the system at a different address two 
conditions must be met. The reset line must be held low for as 
short a period as possible so that the memory refresh cycles are 
maintained and memory contents are not lost. When the CPU 
addresses location OOOOH it must find a different set of instruc- 
tions to the ones held in the Sinclair BASIC ROM. To achieve these 
conditions, therefore, the external circuit operates in the following 
manner. 

A short 50uS pulse is applied to the reset line of the Z80 CPU. 
This is of sufficient duration to properly initialize the CPU but have 
no effect on the memory contents. Coincident with this pulse the 
Spectrum BASIC ROM is deselected using the ROMCS line on the 
edge connector and an external ROM selected in its place. 

The CPU will then run the program within this new ROM whichin 
fact holds a jump instruction to another address. When the jump 
is completed the external ROM must be deselected and replaced 
by the Spectrum BASIC ROM. 
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To understand how the ROMs are selected and deselected an 
explanation of the Z80 MI output is required. 

The MI (Machine Cycle One) is an active low output which 
indicates that the CPU is currently executing an operating code 
fetch cycle. The OP Codes can be any one of the 158 different in- 
structions that the Z80 can execute, eg, LOAD, ROTATE, CALL, 
JUMP, HALT, etc. 

Examination of the Jump instruction is shown in Table 1. 

This is a three byte instruction, the first byte containing the OP 
Code for JUMP, the following two bytes holding the address to be 
jumped to. However, only when fetching the OP Code from 
memory will the CPU issue an MI cycle output signal. The CPU 
knows that the following two bytes must form an address and the 
MI output stays high. 


OP CODE 
Low Order Address 
High Order Address ; 


After a reset pulse the CPU program counter is initialized to 
zero. The address bus is, therefore, OOOOH and the CPU is looking 
for its first instruction. The MI output goes low as the CPU 
executes an OP Code fetch cycle. The falling edge of the MI output 
is used to switch from internal to external ROM and control can be 
handed back to the internal ROM at the next occurrence of an MI 
cycle, 


Table 1, 
JUMP Instruction 


SPECTRUM KEYBOARD 

As stated earlier, when the CPU is reset the interrupts are 
disabled and the MODE is set to 0. Without wishing to delve 
deeply into the interrupt structure of the 280 CPU itis sufficient to 
say that the Spectrum Keyboard operating system requires the 
CPU to be in MODE | and that the interrupts are enabled. Before 
jumping to the new address, therefore, two extra commands 
must be executed. These are IM | and El. 


RESTART 
PULSE 


Fig. 1. Timing diagram showing the Mi cycles 


Practical Electronics March 1986 


Oo 
INGI48 
1C)-(CS PIN7=OV 
PINIG=+5V 


= 
IC60 ° 
THLSTG _ 3 WE GHTING 


by rc 58} 


poe 


t 
' 
‘ 
' 
' 
‘ 
' 
1 
' 


Cia 
TOLSIG 
1 


IC1c 
T4L5146 


“Tl >o- 


c3 


$2 
n mL > 


U 
(Restart) iY 
H ; IC1b 


TOLS14 


tC4a,b,c,d 
74128 


Fig. 2. Complete circuit diagram of the Hardware Restart 


IM | is a two byte OP Code and El a single byte OP Code. This 
brings the required number of OP Code fetch cycles to be 
executed in external ROM to four, ie, IM 1, El, JP. 

Four MI cycles must, therefore, be counted before returning 
control to the Sinclair BASIC ROM. The timing diagram of Fig. 1 
shows the relevant switching points. 


CIRCUIT DESCRIPTION 

IC 1a buffers and inverts the MI signal from the edge connector 
and the output is fed to the clock inputs of IC2a and IC5a. The re- 
set input to IC2a is held low by the output of IC1b the input of 
which is held high by R1, R2, C1. C1 serves to debounce the 
restart switch and R2 limits the discharge current of Cl. 

When the restart switch is pressed the reset on Pin 1 of IC2a is 
removed and the next negative going edge on an MI cycle will 
clock IC2a causing the Q output to go high. Further incoming 
edges will cause no change since the D input is tied to the 5V rail 
and only when the restart switch is released will the Q output fall 
to zero. 

The positive going edge at the O output of IC2a triggers the one 
shot IC3 to produce a 50uS positive going pulse at the O output 
Pin 6, which is in turn inverted by the parallel connected NOR 
gates of IC4. This parallel connection is required due to the 
internal combination of Ra and Ca enabling the power up reset for 
the Spectrum. Using IC4a, b, c, d in this way increases the 
sourcing and sinking currents and the above timing requirements 
can be met. 

The second NOR input to IC4 is taken from the output of IC 1c 
whose input is identical to IC1b. This provides a means of 
resetting the Spectrum without removing the power plug and also 
provides, due to the action of R5, C3, an external power up reset. 

The output of IC 1a is also fed to the input of IC5a Pin 3, whichis 
connected as a divide by 4 counter. The OQ output of IC5b Pin 9 is 
connected to the clock input of a further divide by 2 stage IC6a. 
The reset inputs to the three stage counter are taken low during 
the 50yS Restart pulse by 0 on IC3 pin 1 and the first negative go- 
ing edge of MI to appear after the restart pulse will cause the O 
output of IC6a Pin 6 to go low. 

After four MI cycles this 0 output will go high again and is used 
as a clock input to IC6b. 

During the 50uS restart pulse the set input of IC6b Pin 10 goes 
low causing the Q output at Pin 9 to go high. This deselects the 
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Spectrum ROM and simultaneously the O output at Pin 8 selects 
the external ROM. When the clock input of IC6b Pin 11 goes high 
this state is reversed. Further ciock inputs to IC6b are ignored due 
to the D input being tied to the OV rail and can only change state 
after the set input is once again taken low by another restart 
pulse. 

IC6b, therefore, selects the external ROM on the negative edge 
of the restart pulse and selects the internal ROM four MI cycles 
later. Diode, D1 is included in the ROMCS line and this input is con- 
nected in a wired OR configuration within the Spectrum. 

(C7 is a 328 tri-state fusible PROM. When the CS Pin 15 is high 
the data outputs are in a high impedance state and do not affect 
the operation of the internal data bus on the Spectrum. 

Switch SW3 selects one of four 8-byte blocks giving a possible 
four selectable restart addresses. AO, A1, A2 are connected to 
the Spectrum address bus and select the program data held in one 
of these four blocks. 

The contents of the PROM are shown in Table 2. 


[BLOCK 

foo [ED] so[rB{c3{ oo] eo] +] +] 1 | 3 | 
fosH [ep| so[re{c3{ a2] iz] *|*] 2] 2 | 
5 Eo Ea ER ee 
fie) SSeS ie ie 2 8 


Table 2. Contents of the 32*8 tri-state fusible PROM 


POWER SUPPLY 
The internal 5V supply from the Spectrum cannot supply the 
necessary current so an onboard 5V regulator is used. An 


unregulated 9V from the Spectrum power pack is available on the ~ 


edge connector and this is used to drive the external restart 
circuit. 


CONSTRUCTION 

The printed circuit board is double sided and requires a number 
of through hole connections to be made using linking pins (Fig. 3). 

The resistors and capacitors should be soldered in place first, 
remembering to solder on both sides of the board where required 
as some leads form necessary through connections. 

The i.c. sockets, regulator and switches can then be added 
along with the edge connector, being careful to mount this on the 
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RETR 
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correct side of the board. The i.c.s can now be inserted and with 
switch SW3 in position 2, the board can be connected to the rear 
edge connector on the Spectrum. 


re eee en nn eee 
eeooreveroosseeorere sed F 3 

EDGE CONNECTOR 

(MOUNTED ON OTHER SIDE) , 10 ov 
(oC ee Fae ee ees eee see ees 


TESTING 

With the unit connected, power can now be applied. The 
Spectrum should come up with the familiar white screen and 
BASIC ROM message. Pressing the RESET button should bring 
about a similar result. 

If the small BASIC program (Test Program 1) is entered and run, 
execution can be immediately stopped by pressing the RESTART 
button and an automatic listing of the program will appear. The 
program can at this point be re-run, listed or saved as desired. 

The significance of the restart will become apparent only when 
the break key is disabled, as the above program could just as 


TEST PROGRAMS 
Test Program 1 


40 PRINT “RESTART”; 
50 GOTO 40 


Test Program 2 


10 POKE 23296,243: REM Disable 
Interrupts 
* 20 POKE 23297,201: REM Return 

1° 30 RANDOMIZE USR 23296: REM Run 
m/c and return to Basic 
40 PRINT “RESTART”; 
50 GOTO 40 


easily have been stopped using the break 
key itself. 

Running the Test Program 2 will disable 
the keyboard interrupt and then print a 
continuous stream of RESTARTs. Thére 
will be no response to the break key and 
only by use of the RESTART button can 
the listing be retrieved. 

it should be noted that breaking into 
commercial software is now quite possible 
but that the board should not be used for 
the purpose of copying tapes as this is 
forbidden by copyright. 

If running the ZEUS assembler program, 
then pressing the RESTART button, with 
SW3 in position 3, will immediately return 
the user to this program start either from 
BASIC, without requiring the usual PRINT 
USR 57344 start up command, or from the 
currently executing machine code 
program. 


COMPONENTS... 


47K (2 off) 
All resistors 5% se le parent 


Capacitors ; 

C41) , 10) 16V Tant: © 
€2 in.Ceramig. . « 
CS 68p-6-BV Tant. % ‘9° 
G4,.C5 : eboretalyuemt ia! off): 
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Sertiochdubsdew” i ea 

IN4148 © 

| TALS14 
74LS74 Bom 
a Qat24 os 
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iy bo 123, PROM " 


14%pin dil! skt (6 off) , 

zeus ¢. Be sett off} © i 

gay uble sided edge conn 
le sided 


The PROM will normally be supplied with the address of the 


‘Auto List routine in SW3 position 2, and the start address of 


ZEUS in SW3 position 3. The two remaining blocks can be 
programmed to any user's requirements. 
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ROLL, the double armed robot from L. 

W. Staines of Essex, the people who 
brought you the Ogre family, has been 
completed. Based on the Ogre technology, 
Troll is similarly robust and strong but 
inexpensive and can execute some quite 
complex operations such as picking up a 
nut with one gripper, a bolt in the other and 
screwing the two together. 

It has a total of nine axes and two 
grippers. The two arms are joined at the 
shoulder, as with human beings, and fixed 
to a single base. The base can revolve 
through a full 360 degrees and the shoul- 
der moves up and down 80 degrees from 
the horizontal. 

The left upper arm can move through 
180 degrees both up and down and ex- 
tends by 12 inches. The lower arm can 
move right and left and has a 4 inches 
extension, on the end of which is a parallel 
action gripper, controlled by an optical 
encoder and microswitches. 

The right upper arm can move the same 
distance as the left but it is a more 
conventional arm, with an elbow which 
has movement through a total of 180 
degrees and a wrist which can move right 
and left and has continuous rotation, al- 
lowing a screwing operation to be carried 
out. S 


... ogre features ... 


All the parts have the same robust 
construction which is a feature of the 
Ogres. It is powered by servos and worm 
drives with optical encoders providing the 
feedback. Tests have to be completed but 
it is thought it should be able to lift 1kg. 

Standard interfaces and software are 
provided for the BBC B and C64 with 
further sets being considered for the Spec- 
trum and QL. It is possible to teach it 
routines through the keyboard either with 
the exact route or moving the arms to a 
series of points and the device working out 
the best route to follow. 

The ability to write routines on screen 
before passing them to Troll, as can now 
be done with the Ogres, is also being 
considered. Because of its complexity it is 
not possible for all the motors to move at 
the same time but move in groups of three 
or four. 

A price has yet to be fixed but it is 
expected to be in the region of £2,000 and 
is aimed at higher education and light 
industrial use. 

Staines has also developed a cheaper 
arm for £70 to be sold by Commotion. 
Known as Baby Kate, it has three axes and 
a gripper is driven by geared servos under 
microswitch control. The software is be- 
ing commissioned by Commotion. 

Colne Robotics has decided to post- 
pone the launch of the 6-axis Armdroid It, 
which was unveiled, as a prototype, at the 
Automan exhibition earlier this year. In- 
stead it has introduced an upgraded ver- 
sion of Armdroid |, still to be known as 
Armdroid {l, but not as complex as the 
original Armdroid Il, which is now 
nameless. 


... new armdroid ii... 


The new Armdroid Il, still with five axes, 
will be more robust and accurate than 
Armdroid | with stronger stepper motors, 
toothed belt drive and optical encoders for 
feedback. Colne says that it should be 
possible to use it continuously without 
supervision, The accuracy is claimed to be 
+ 1mm which is a great improvement on 
the +4mm of the earlier version, but the 
lifting capacity is still in the same region of 
300gms to 400gms. At a price of about 
£700 it is still aimed at the enthusiast and 
education market. 

As before it has its own processor on- 
board and can be linked to micros via the 
RS232 port. There are no major changes in 
the software which is another important 
difference between the present upprede 
and the larger version which is intended to 
have networking capabilities of up to 15 
arms. Development work is continuing on 
the 6-axis arm and it is expected to be 
available sometime later in the year. 

Meanwhile Colne is linking its Colvis 
vision system to the Armdroid li and for a 
little under £2,000 it is possible to get a 
complete package including the vision sys- 
tem, an arm and the necessary software. 

It is controlled by a software system 
called the Coordinator 32 which has 24K 
of control software on EPROM and 24K 
RAM allowing the storage of up to 2,255 
steps. It can control two arms in 
synchronisation. 

For existing owners of the Colvis system 
the rest of the package is available at about 
£1,000 and owners of the Armdroid | can 
have the calibration altered so that it will 
work with the system. 


... eric withdrawn... 


Flight Electronics of Southampton has 
withdrawn its Eric, originally called Max 1, 


Clark 


arm. The 3-axis, servo and worm gear 
driven arm, reported in the December 
issue of Practical Electronics and featured in 
Flight’s latest brochure, will no longer be 
available. 


... alfred development... 


Instead Flight will be selling Alfred 1 
which at the moment will only have soft- 
ware for Spectrum, BBC B and RML 
machines, and not Flight's own micro- 
processor series. However, software for 
these machines is being developed. 

There is some confusion about the 
reasons behind the move. Flight said that 
the company building the machines did not 
provige them at the right quality and as 

light has a reputation to preserve in the 
education market it was decided to cancel 
them. 

However, L. W. Staines, makers of the 
three-axis, servo-worm gear driven Ogres 
said the machine was a copy and action 
was threatened. 


... tomy’s latest assault... 


Tomy has introduced its latest assault 
on the toy robot market, Omnibot Jnr. A 
yiera of about £100 puts it between the 

erbot, which with a bit of persuasion 
reacts to voice commands and the top of 
the range Omnibot with its array of tape 
decks, internal glock and voice transmitter. 

Junior is radio-controlled with a small 
number of pre-programmed reactions and 
a ‘personality’. When it is switched on it 
says: ‘‘Hello” and when it hits something it 
says: ‘Oops excuse me’, then reverses 
and turns to the left, among other things. 

It was unveiled at the toy shows and 
should be in the shops now. 


Next Month: More from the fascinat- 
ing world of robotics. 
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HE popular press enthuses over e-mail as the new “Penny 

Black”. Others see it is as the death of telex. Specialist 
magazines publish circuits for modems and computer monthlies 
review the software which enables a home micro to link up with a 
telephone line. But what exactly is electronic mail; how does it 
work, what does it offer and where are the snags? Hopefully what 
follows will answer these and other questions. 

E-mail is a development from the technology which lets two 
computers exchange data along an interconnecting wire. The wire 
can be a private cable or public telephone line. The computers can 
be micros or mainframes. The data can be computer programs or 
text for messages. Normally both the communicating computers 
must be connected or “on-line” at the same time. Sometimes one 
computer plays the role of “‘host” to many others. Its memory may 
become an open access bulletin board on which remote computers 
can leave messages for anyone to read, The host may be a powerful 
computer with a database of information through which remotes 
can search, from across an office or across the world. This is how 
Prestel Viewdata works. 

In an electronic mail system one host computer is used as a box 
into which a large number of smaller computers can drop messages 
for later collection by other computers. A system of passwords 
ensures that only those computers which are entitled to read a 
message can access it from the host. In this way any two computers 
can communicate with each other without being on-line at the same 
time. In theory the computers can be anywhere in the world, 
making e-mail equivalent to—and more versatile than—telex. In 
practice a confusion of technical standards and incompatible rival 
systems means that some e-mail messages get through only by 
interfacing with the telex network. 


TELECOM GOLD 


Telecom Gold is one of four e-mail systems available for public 
use in Britain. The technology is licensed from US company 
Dialcom, now owned by ITT. The same system is used in twelve 
countries, by over 100,000 subscribers, all of whom can communi- 
cate with each other. With this power base, and the strength of 
British Telecom behind it, Telecom Gold has been the most 
successful operator in Britain. But the situation could change, 
expecially if TG’s rivals adopt interface or “gateway” technology 
which allows different system subscribers to send each other 
messages. At the moment, all four public systems in use in the UK 
have adopted different and incompatible standards. 

As e-mail technology becomes more mature, and its practical use 
less of an obstacle course, the system will become as routine a 
business tool as the telephone. It will then become an electronic 
penny black. Only Britain’s traditional resistance to change can 
prevent a domino switch from telex, costing several thousand 
pounds a year in dedicated hardware and lines, to electronic mail 
handied by cheap microcomputers and conventional telephone 
lines. But so far the practical difficulties encountered by people who 
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want to use electronic mail as a business tool, rather than tame 
computers as a hobby, has slowed the progress of e-mail. 

Many of the practical difficulties follow from the technical 
problem of sending digital pulses down wires designed to carry 
analogue wave signals, such as speech. Telex characters are carried 
by 5-bit Baudot code words. Until recently telex machines have 
relied on electromechanical switches triggered by 80 volt plus and . 
minus d.c, pulses sent down dedicated lines. Modern telex equip- 
ment relies on much the same technology for e-mail, although to 
retain compatibility the modern electronic hardware emulates the 
old electromechanical system, 

Confusion is compounded by the by the fact that much of the 
vital information on computer connection is handed down by word 
of mouth from poor unfortunates who have learned by trial and 
error, Even Telecom Gold has not published a clear explanation of 
the technology on which its system depends, the computer 
hardware and software needed to make it work or the parameter 
settings for hardware and software which is available, 

Most computer firms make no mention of e-mail in the manuals 
which accompany their machines and the software which enables 
them to communicate. To give just one specific example, few 
manuals bother to explain that when text is prepared “‘off line” and 
stored on disc for later transmission by e-mail link it must be 
stripped of control codes. Wordprocessing programs use hidden 
control codes to define text layout. If an attempt is made to transmit 
text that has been prepared by a wordprocessor, it will very 
probably throw the e-mail system into confusion and emerge with 
errors at the other end. The trick is to save the message from the 
wordprocessor as plain text. Most, if not all, programs will allow 
this—although they all have different names for the procedure. 

Computers process and store text as a coded stream of pulses, 
arranged in groups each signifying a letter or number. Most 
computers use ASCII (American Standard Code for Information 
Interchange), with each character represented by seven ones or 
zeros in an eight-bit word. The eighth bit is spare for other uses, 
usually error detection by parity check (an extra one or zero is 
added so that the total number of ones is always either odd or even). 
Incidentally the way to save text from a wordprocessor for 
transmission is as plain ASCII text. Saving this way strips out the 
control codes. 


FREQUENCY SHIFT KEYING 


Whereas digital data runs as a stream of square pulses, a speech 
telephone line is designed to carry a limited range of analogue wave 
frequencies, within a band of around 3kHz. The technique used to 
send data down a ordinary speech telephone line, is called 
Frequency Shift Keying, or FSK. A zero is represented by one 
audible tone frequency and a one is represented by another tone 
frequency. 

A speech telephone line carries both halves of a conversation at 
the same time. The human ear-brain mechanism is clever enough to 
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untangle the mixture of incoming and outgoing speech. But 
computers are not so clever. When two computers are communicat- 
ing on a two-way line they must use different tones for their zero 
and one pulses. So each end of the line uses a different pair of 
frequencies, making a total for four tones per link. These are usually 
between 1kHz and 2kHz, which is why the signals which flow down 
the line when computers are communicating are a high pitched 
chirp or warble. Filters in the modem prevent the outgoing tones 
feeding back into the input. 

When two computer users first try to put their machines on line to 
send private messages, they must decide who is to use which set of 
tones, For convenience these are identified as the “Originate” or 
“Answer” frequencies. For electronic mail, where a large number of 
personal computers or terminals are all communicating with the 
same main central computer, it is established practice for the host 
to choose the Answer frequencies and the subscribers at home or in 
their offices to choose Originate. 

There are two quite separate standards, one for the USA and the 
other for Europe. In the USA the FSK frequencies were set by Bell 
and in Europe the standard was agreed by the CCITT (International 
Consultative Committee on Telephone and Telegraph). This means 
that the hardware needed to interface a computer with a telephone 
line in North America is not the same as that needed for the UK. So 
any attempt at direct communication between a home computer in 
Europe and another in the US will fail unless one of the parties is 
equipped to handle the foreign set of FSK tones. 

If communication is in “full duplex” mode, the computer screens 
display text which has reached the other end of the line and been 
bounced back by the computer there. This shows up any errors that 
have been introduced along the route. In “half duplex”” mode each 
computer shows only the text which it is transmitting, so errors are 
not revealed. Obviously full duplex operation is desirable but there 
is a penalty. Because data is travelling in two directions at the same 
time the system is effectively handling data at twice the real rate. 


MODEMS 


The hardware needed for converting a stream of ASCII (or telex) 
text into FSK warbles is a modem, or MODulator-DEModulator. 
This both generates tones when fed with digital pulses, and 
recreates digital pulses when it receives incoming tones. Some 
modems now on sale can be switched between Bell and CCITT 
format, to enable direct communication across the Atlantic. 
Fortunately this consideration does not arise if messages are sent 
via an electronic mail system with host computer. The mail system 
is transparent. Messages injected with a modem operating on one 
standard will emerge in a foreign country on the local operating 
standard. But travellers hit problems if they carry hardware with 
them. A modem, or computer with built-in modem which is bought 
in the US, will not work in Europe; a European modem will not 
work in the US or Canada. 

Even when the hardware is bought in the country of intended use, 
setting up a terminal, with computer and modem connected to the 
telephone wire, is fraught with difficulties. 

Some computers have a slot inside, into which a modem on a 
printed circuit board can be plugged. It is often cheaper, however, 
to use an outboard modem. This can be hard-wired into the 
telephone network, like an extension telephone. Or it can be an 
acoustic coupler which works like a telephone in reverse, with a 
microphone to pick up sound from a conyentional telephone ear 
piece and a loudspeaker to inject sound into the telephone 
mouthpiece. Acoustic modems are useful where the operator is on 
the move, needing to couple with a different phone every day. It is 
seldom possible to unplug a hotel telephone, for the simple reason 
that unpluggable phones are too easy for guests to steal. 

Usually an outboard modem connects with the RS232 socket. 
The pulses run in a serial stream, in on one wire and out on another. 
Other wires carry additional signals which allow the two computers 
to work in harmony. Around half a dozen wires are needed for full 
transmission control. Unfortunately there is no agreed standard on 
which wires should go to which pins of the 25 way plugs used for 
RS232 connections! The only safe way to make a connection is to 
buy all necessary leads at the time of purchasing a modem. 


DATA RATES 


Even with the correct wire connections, the stream of data 
coming from the modem is useless to the computer unless it has 
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been loaded with a software program which converts the incoming 
pulses into text for display on the screen. There are several different 
data rate standards, of which three are in regular use for electronic 
mail. Different data rates use different tones. This lets automatic 
equipment set its own data rate. 

Ata slow data rate the pulses produce relative long waves, so are 
less likely to be lost or distorted by noise on the telephone line. But 
messages take longer to send. This is an important consideration 
because on some e-mail systems the subscriber must pay both to 
transmit and receive or read. 

Data rates are measured in bits per second, often wrongly equated 
with bauds or number of modulation changes per second. By clever 
tone coding, bit rate can be made much higher than baud rate. But 
at low speeds, of a few hundred signal transitions a second, baud 
and bit rate are similar or identical. 

As a yardstick, telex messages are carried at 50 baud which in 
practice means around 400 characters a minute. The speeds for 
computer are laid down by a set of CCITT standards, the V series. 
The usual speed for electronic mail is 300 bits per second in each di- 
rection, known as 300/300. This is the CCITT V21 standard. Higher 
speeds present problems, especially in duplex mode. 

Dedicated data circuits, for instance special phone lines, have 
four wires. So data can travel in both directions, separately. But 
electronic mail travels on the public telephone network, which is a 
two wire system. A data rate of 1200 bits per second is the practical 
limit. If data is to be sent in two directions at once, for duplex 
operation, simple FSK coding is not adequate. A combination of 
phase and frequency shifts is needed. Cheap modems cannot handle 
the 1200 bits/s duplex standard (V22) because the readily available 
chips on which they rely offer FSK only. 

The 1200/75 (V23) standard is a useful compromise; data travels 
at 1200 bits/s in one direction and 75 bits/s in the other. At this 
speed full duplex FSK is feasible. A link at 1200 bits/s in both 
directions can work with a cheap modem, but only in one direction 
at a time. This 1200 bits/s half duplex standard also comes under 
the V23 heading, but e-mail host computers will usually refuse to 
work in this mode. The | 200/75 “asymmetrical” approach is useful 
where one half of the link, such as a database, is sending out much 
more information than the other. This is the technique used for 
Prestel. For e-mail, where as much data is usually being sent as 
received, the 300/300 rate is best. Apart from anything else, there is 
inevitably more risk of noise on the line introducing errors at 1200 
bits/s than at 300 bits/s. 

Usually the different speeds and tone frequencies offered by the 
host are handled by different modems, each on its own phone 
number. So the host must be accessed on a phone number chosen to 
suit the data rate eg 583 3000 for the Telecom Gold 300 baud 
service in London. The calling modem is manually, or automatical- 
ly, set to match the host data rate. 

The speed at which the data leaves the terminal computer, and is 
accepted by it, must be controlled by software. This will have a 
menu of options which the operator must select to match the chosen 
data rate. Unfortunately data rate is only one of a long string of par- 
ameters which must be set when the software is tailored to suit the 
system being used as a terminal. There are a large number of 
different programs on sale which enable micros to communicate, 
either with each other or with an electronic mail host. Needless to 
say they are all different and the instruction manuals which 
accompany them are often understandable only to the dedicated 
computer buff. It is a token of the potential value of e-mail as a busi- 
ness tool that so many non-buffs have persevered with the absurd 
obstacle course and now use the system. 


t 


SMART TYPES 


Recently I was loaned a modem of the so-called “smart” type. 
Made by British firm Tandata it plays the very clever trick of 
listening to the tones on the line and then automatically setting its 
parameters to match those of the computer at the other end. 
Connection was simple. By far the most difficult part of using it was 
understanding the appallingly confused instruction books which 
came with it. 

The communications software must add extra data bits to each 
ASCII word for contro! functions, An additional ‘‘start” bit at the 
beginning of each word tells the other computer that a character is 
coming. An additional “stop” bit at the end signals that the 
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character has finished. This is asynchronous operation. For faster 
data rates than e-mail the computers are locked i in Step ¢ over much 
longer periods of time. This is synchronous operation. 

Each data word will usually also contain a “parity” bit. This is 
added to help the other computer sense when an error has been 
introduced, for instance by noise on the line. Absurdly, the 
computer world cannot agree even on such basic matters as odd or 
even parity; i.e, whether the extra bit should bring the total to an 
odd or even number, or whether parity should be ignored 
altogether. Instruction codes are usually injected by the software, so 
that neither computer floods the other with more information than 
it can handle. 

Some software packages pose questions which few people 
understand, let along are able to answer. The object of this 
extraordinary obstacle course is to Jet anyone in the world, with any 
computer, set its parameters to communicate with any other 
computer, For electronic mail, far less flexibility is needed. But the 
electronic mail system providers have to offer a Help Line service to 
assist bewildered subscribers in setting up their computers. 


GETTING STARTED 


For the benefit of anyone currently struggling to set up a system, 
the best starting point is as follows: 


Data rate of 300 baud, full duplex operation, a word length of 7 
data bits, parity even, | start bit (generally software assumes this), ! 
stop bit and line status set at Enable for Xon and Xoff to let the soft- 
ware freeze the screen if the user wants to stop text scrolling past too 
fast. 


All the UK e-mail systems now allow the subscriber to inject a 
message into the telex network and receive telex messages on an e- 
mail terminal. 

The wider spread of e-mail will depend on making the technology 
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A Micronet screen demo 


more accessible, for instance by the development of dedicated 
systems which require no computer expertise to set up. It will also 
depend on the service providers’ ability and willingness to remove 
irritants from the system. For example, with a portable micro and 
modem, an e-mail subscriber can in theory communicate easily 
with the office backwork from the bedside telephone of any hotel in 
the world. But to do this the subscriber needs the right modem to 
match the local standard. He or she also has to hope that the hotel 
switchboard will not mistake the modem tones for a fault and 
disconnect the line halfway through a message. I know from bitter 
experience that frequently this happens. 


PACKET SWITCHING 

In most countries it is possible to route calls back to London, by 
one of the International Packet Switching Systems. A local 
telephone company modem accepts calls from a terminal modem, 
breaks the data into packets and slots it into the 48 kilobit/s stream 
which now travels by satellite and submarine cables between most 
countries of the world, But to use IPSS the itinerant e-mailer must 
know not only the long strings of code numbers and passwords, but 
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be able to find the local PSS phone number from a foreign language 
operator out of office hours. Making an e-mail hook up froma 
far-off land can be far more trouble than it is worth. 

For users, the biggest potential nuisance is junk e-mail, like 
rambling advertising literature. An advertiser can send the same 
message simultaneously to any number of different destinations. At 
300 bits/s it can take several minutes to receive and read a tedious 
message that would take only seconds to scan and discard if it came 
through the post on paper. On some e-mail services, notably 
Telecom Gold, the subscriber is charged (at up to 10-5p a minute) 
for all time on line, whether receiving or sending messages. This is 
in addition to the cost of the telephone call to the e-mail host 
computer. Fortunately the e-mail service operators are aware of the 
problem and will disconnect persistent offenders, 

The Dialcom system used by Telecom Gold, the most vigorous e- 
mail service provider in Britain, relies on Prime 740 and 850 
computers as hosts. Each costs around £0-2 million. Incoming calls 
are automatically connected to the computer by a gang of switch 
PADs (Packet Assembler and Disassembler). As the number of 
incoming calls increases, the response time of both switches and 
host computers slows down. This means that subscribers spend 
longer on the line connected to TG. Although this in turn means TG 
earns more money, because the charge rate remains the same even 
when response time is slow, it makes TG’s customers increasingly 
angry. The situation gets worse if a PAD or computer develops a 
fault. One of the major disadvantages of electronic mail is that if the 
hardware or software at either end of the link fails, mail cannot be 
read; it might just as well be locked in an uncrackable safe. 

TG now has around 30,000 subscribers and around 30 Primes. In 
practice each computer can handle between 50 and 60 connections 
at the same time, Because only a fraction of its subscribers will be 
trying to connect at the same time, each Prime computer can serve 
around 5,000 boxes. As demand grows, TG has no option but to in- 
stall new computers. Currently TG is buying one a month. These 
are each given a code number, which is part of the subscriber's box 
number address. Predictably there is a howl of protest when a 
subscriber’s number has to be changed because a new computer has 
been installed; all the subscriber's printed stationery suddenly goes 
out of date. 


STAND-BY 


TG holds one complete Prime configuration idle as a stand-by 
system is case there is catastrophic hardware failure. The service 
does not have its own emergency generator. If the mains power goes 
down, so does the system. The prospect of every subscriber’s data 
being lost in a crash is too awful to contemplate. A crash should not 
lose data. But to be on the safe side all user data is archived to mag- 
netic tape each night. The daily archives are retained for one week, 
weekly archives are retained for four weeks, monthly archives are 
retained for one year and yearly archives are retained indefinitely. 

There has only been one incident in three years, when TG lost 
some data which had been created between the last nightly archive 
and the time of failure. But clearly the system is vulnerable and 
users with valuable data should keep their own copies for 24 hours. 
But if a customer accidentally deletes valuable data from a mailbox, 
TG can retrieve it from the back-up tape. . 


HACKING 


Security is always a vexed issue. How easy is it to “hack” into 
someone else’s box and read their mail? No system can be 100 per 
cent secure. There is no secret over a subscriber’s box number. It is 
just like a house address to which letter mail is sent. The 
householder uses a lock and key to stop unwelcome guests getting 
past the front door. For e-mail this is done by a system of 
passwords; the electronic mail equivalent of a front door key. 
Without the password no-one can get access to whatever messages 
are inside a box. 

The biggest risk to security is that people who use mailboxes often 
make it easy for someone to steal their password. They write it on a 
paper note, load it into a computer program or key the word onto a 
screen while others are watching. 

British Telecom leases lines to four public and three private 
electronic mail services in the UK. The four public networks are its 
own Telecom Gold; Easylink, which is run by Britain’s Cable and 
Wireless in conjunction with Western Union in the US; Comet run 
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by Istel a subsidiary of British Leyland; and One-to-One now owned 
by US telecoms consortium Telesis. | 2 he 

All offer a straightforward e-mail message service and all offer a 
link with the telex network. This can be used either to send and re- 
ceive conventional telexes (with the cost of the telex added to the e- 
mail bill) or to bridge the gap between the incompatible e-mail 
systems, i.e. to send a message from Telecom Gold to Easylink or 
from One-to-One to Comet. In this respect the new e-mail 
technology is helping the old telex technology survive. 

There is vague talk of interchange or “gateway” software which 
will let different system mailboxes communicate with each other. 
Paradoxically, not everyone wants it. Gateway interfacing would 
help the smaller operators sell their services by offering cut price 
access to the larger and more expensive networks, 

On all services, phone calls are extra because BT refuses to 
package its charges with those of arms length companies like 
Telecom Gold or Prestel Viewdata. 

In more detail the services on offer compare as follows... 


SERVICES 


Easylink has a few thousand subscribers in Britain (it won’t say 
exactly how many) and a total of 150,000 here and in the US where 
it has been offering a low cost alternative to dedicated telex for five 
years. The company has done little to publicise itself in the UK, 
where it has been operating for a year. But changes are planned. 

EL’s prices are an initial registration fee of £40 and then a 
minimum of £12.95 a month. Subscribers only pay extra (at 10p a 
minute plus the cost of telex transmission) to send messages. It costs 
{Sp per address to which a message is sent, but the first 50 per 
month are free. Reading messages is free, except of course for the 
unavoidable cost on all systems of making the phone call to the host 
computer, 

One-to-One began as a private company in March 1984 but in 
January 1985 was bought by Telesis, the Californian and Nevada 
Bell telephone company spin-off. The user base is small, a few 
thousand like Easylink, and profile is low. Again like Easylink, 
Telesis plans aggressive marketing and a change of image. 
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Registration is £50 and cost on line is 1Op per minute. There is no 
off peak cheap rate but the first half minute of each call is free. That 
is enough to let a user check whether there is any mail to read. 

Comet is run by Istel. It began as an in-house mailbox service for 
BL but is now on offer to anyone. Istel claims 90,000 mailboxes, 
mainly distributed through the offices of large companies like Shell, 
Citibank and, of course, BL. There is no registration fee. Basic cost 
is £30 a month, with an extra £10 for telex facilities. There is no 
charge for time on line. 

Telecom Gold was created as an arm’s length company by 
British Telecom in April 1982, initially to offer internal mailbox 
communication for BT. It is now on offer to anyone. The cheapest 
subscription scale is a one-off registration fee of £40 and on line 
time charged at 10-5p a minute peak rate, or 3-5p off peak, with a 
monthly minimum of £10. 

Prestel is probably the best known system because it has been 
available for longer than any of the e-mail services. Prestel is 
essentially a data base, but it began offering a mailbox service in 
September 1981. Initially this was available only in selected areas of 
the country, but in October 1984 Prestel Mail Box became a 
national service. Any one of the 50,000 Prestel subscribers can now 
send a short message to any other subscriber, 

By way of return competition, Telecom Gold hopes soon to offer 
its subscribers the opportunity to access data base bases, both in 
Europe and the US, by e-mail. This already happens on Dialcom in 
the US. 


A selection of readers’ original circuit ideas. 

Why not submit your idea? Any idea published will 
be awarded payment according to its merits. 

Each idea submitted must be accompanied by a 
declaration to the effect that it has been tried and 
tested, is the original work of the undersigned, and 
that it has not been offered or accepted for publica- 
tion elsewhere. It should be emphasised that these 
designs have not been proven by us. They will at any 
rate stimulate further thought. 

Articles submitted for publication should conform 
to the usual practices of this journal, e.g. with regard 
to abbreviations and circuit symbols, Diagrams 
should be on separate sheets, not in the text. 


SINGLE POT DUAL OVERLAP CONTROL VOLTAGE CIRCUIT 


Ree” the writer needed a 
single pot control of two 
voltages which had to vary from 
+12¥ and cross over to 2Vbe at 
one end of the pot rotation. Also. 
the law of the rotation about 
centre had to be different for the 
two control voltages. The circuit 
devised works very well. 

This is a linear circuit, but if R7 
and R8 are shunted by different 
diode and bias networks then a 
non-linear, non-symmetrical sys- 
tem can be developed. 


OVERLAP 
By shifting DI and D2 to other 
voltages, the, point of overlap can 
be set where required. 
A. B. Bradshaw, 
Sandy, 
Beds. 
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S&C Mivo Forum... 


Ray Stuart 


a month’s BBC Micro Forum looks at 
the addition of a secondary display, in 
the form of a small l.c.d. module. This is a 
feature found on other computers such as 
the Apricot and could be used to display, for 
example, function key information or time. 
The l.c.d. module is easily fitted to the BBC 
being simply plugged into the computer’s 
User Port. 


LIQUID CRYSTAL DISPLAY 
MODULE 


L.c.d. modules consist of a dot matrix 
l.c.d. with an internal CMOS microproces- 
sor, memory and l.c.d. drivers thereby 
producing an intelligent alphanumeric dis- 
play. They are available in a range of sizes 
from | row of 16 characters to 2 rows of 40 
characters. Although this article is based on 
the 2 x 40 character module, the setting-up 
information, pin connections and program- 
ming techniques are applicable to most 
types. 


be seen that it consists of one control chip, 
four driver chips and the I.c.d., all of which 
are mounted on a 180 x 35mm printed 
circuit board. The control chip contains the 
microprocessor, RAM and Character gener- 
ator ROM and the input/output circuitry 
that allows it to communicate with other 
equipment. It should be noted that this 
communication is bi-directional thereby 
allowing the contents of the display to be 
read by the BBC microcomputer. Having 
received display information from the BBC 
microcomputer the contro] chip undertakes 
all the refresh and update controls without 
further intervention by the BBC 
microcomputer. 

L.c.d. modules are available from a range 
of suppliers, however, the majority use a 
Hitachi chip set (HD 44780 controller, 
HD44100 drivers) and the same pinout 
configuration although the physical appear- 
ance may be different. The module des- 
cribed here is the RS 588-538 device. 


Table 1. Pin functions of I.c.d. module 


Level 
OV 
+5V 
<0-7V 
O = inst: 1=char 
O = write: 1=read 
PF} latch on fall 


Positive 
Logic 


range for Vo is between 0-2V and 0-7V, 
outside this range the viewing angle may be 
so high that the characters become unread- 
able. Vo is usually adjusted to produce 


LCD OOT MATRIX PANEL 


DRIVER 


Included within the module is a 192- 
character generator ROM including 92 
Alphanumeric symbols, 62 Kata kana, and 
32 Euro/Greek/symbols and RAM for 8 
user defined characters, e.g. ‘£’ sign. The 
user defined characters also allow the pro- 
duction of multi-channel bar graphs and 
animated characters. Characters to be dis- 
played are written to the module in ASCII 
form via either an 8-bit or 4-bit bus and a 
few control lines. All this makes the module 
easy to use and imposes very little software 
overhead on the BBC microcomputer. The 
modules require a 5V, 2mA supply which 
can easily be supplied by the BBC micro- 
computer's User Port. 

A block diagram of a 2 rows of 40 
characters module is shown in Fig. 1. It can 
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Fig. 1. Display module block diagram 


DATA AND CONTROL LINES 


The functions of the module’s 14 pins are 
shown in Table 1. These can be divided into 
3 power lines, 3 control lines and 8 data 
lines. 

It was previously stated that these mo- 
dules only require a SV power supply, so 
why is there an extra power connection, Vo? 
The reason relates to the viewing angle of 
the l.c.d. This type of module is best viewed 
at an angle other than at 90° to the display 
making them ideal for use on keyboards, 
etc. It is possible to adjust the viewing angle 
to optimise performance for a particular 
application. This is achieved by altering the 
voltage supplied to Vo. Fig. 2 shows how a 
potentiometer can be used to provide view- 
ing angle adjustment. The optimum voltage 


maximum contrast as opposed to maxi- 
mum dot darkness. 

The eight data lines are used to transfer 
data to and from the module under control 
of the three control lines. Data is normally 
in the form of ASCII characters except 
when initialising the module or program- 
ming the user defined characters. 

Now consider the three control lines, The 
R/W line is used to inform the module of 
the desired data flow direction. When set to 
‘O°’ data is sent from the computer to the 
module (write), and from the module to the 
computer when it is a ‘1’ (read), 

The module has only two registers that 
can be accessed by the BBC microcom- 
puter, these are the Instruction Register 
(IR) and the Data register (DR). The regis- 
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~ ter to be-accessed is selected by means of the 


RS line. ‘1’ selects the Data Register,.‘0’ 
selects the Instruction Register. The us¢ of °”* 


these registers will be discussed later. 

' The remaining control line is designated 
‘E’, and it is this signal that is used to 
initiate the actual transfer of data, present 
on the data bus, into the module. The 
operation of the module is such that the 
data is latched into either the Data or 
Instruction Register on a falling edge of 
the ‘E’ line. Thus the ‘E’ Jine car be consi- 
dered as a pseudo module-select signal, but 
note that the module does not have tri- 
state input/output lines. This means that 
modules cannot be paralleled as can, for 
example, memory chips. 


CONNECTION TO THE BBC 


The module is connected to the BBC by 
means of a ribbon cable plugged into the 
User Port as shown in Table 2. However, 
the user port can only provide a maximum 
of ten outputs if the CB lines are included, 
so how can the system work? The answer is 
to configure the module to run in 4-bit 
mode. By doing this, one only needs seven 
lines, 4 data and 3 control. In this mode the 
module still requires 8-bit data words, but it 
accepts them as two 4-bit nibbles; the most 
significant nibble followed by the least 
significant nibble. By using this mode of 
operation only seven bits are required in- 
stead of the previous eleven and can there- 
fore be linked to the User Port. 

When in 4-bit mode the module uses 
DB4-DB7 as the 4-bit bus and ignores 
anything that may be present on the other 
four bits, The User Port bits PBO-PB3 are 
used as a 4-bit bus with bits PB4 as R/W, 
PBS as RS and PB6 as the E signal. It will be 
described later, when discussing the soft- 
ware, how the unit is set into this 4-bit 
mode. 


INSTRUCTION SET 


The full instruction set for the l.c.d. 
module is shown in Table 3. It can be seen 
that it is possible to configure the l.c.d. 
module in a wide variety of operating 
modes. For example, there is the option of 
having a cursor displayed as a bar under- 
neath a character position and this can be 
made to flash on/off if required. The cursor 
can be made to move to the next character 
position upon receipt of a character or to 
remain in a fixed position. The latter can be 
used to produce a sideways scrolling effect. 

These are only a few of the options 
available and it is obvious that the l.c.d. 
module is a versatile device. Should you 


DISPLAY 


MODULE 


Fig. 2. VR1 is adjusted to give opti- 
mum viewing angle 
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Table 2. BBC to l.c.d. display connections 


BBC User Port 
Function 


wish to use these facilities to the full, 
a copy of the relevant device’s data sheet 
should be obtained for further details. 


LCD Module 
Pin No. Function 
1 Vss 
2 Vop 
11 DB4 
Iz DBS 
13 DB6 
14 DB7 
R/W 
RS 
E 


significant. Thus the hex representation of 
each line of the character’s eight lines can be 
calculated. The RAM locations between 


Table 3. L.c.d. module instruction set 


Instruction 
Clear display 
Home cursor 
Entry set 


Display control 


Cursor or Display 
shift 
Function set 


CG RAM address 


DD RAM address 


Read busy flag 
and address 
Write data to CG 
or DD RAM 
Read data from 
CG or DD RAM 


Write data 


1 
Increment 
Enable 
Display shift 
Shift to right 
8-bit mode 
2 lines 
Busy 
Not used 


CHARACTER GENERATOR RAM 
PROGRAMMING 


The character generator RAM (CG 
RAM) allows one to programme eight 5 x 8 
characters of one’s choice. An example of 
this is included in the software listing under 
PROC_define_£ sign. Once pro- 
grammed, these newly created characters 
can be used in exactly the same way as can 
those contained within the character gener- 
ator ROM, ie. they are called by the 
appropriate data word. To programme a 
character into the CG RAM one first has to 
define the required character as 8 rows of 5 
dots. A dot is represented by a ‘1’ and no dot 
by ‘0° with the leftmost dot the most 


Read data 


Comments 


Clears display and 
homes cursor 

Returns cursor to home 
position 

Selects cursor direction 
and shift modes 
Selects display, cursor 
and flash modes 
Moves cursor and shifts 
display 

Sets interface mode, 
number of lines and 
character font 

Selects CG RAM address. 
Following data is stored 
in CG RAM 

Selects DD RAM address. 
Following data stored in 
DD RAM 

Reads busy flag. 
Indicates if module read 
Writes data into CG or 
DD RAM 

Reads data from CG or 
DD RAM 


AC 


0 
Decrement 
Disable 
Cursor move 
Shift to left 
4-bit mode 
1 line 
Ready 
5x 7 dots 


&40 and &7F form the CG RAM. The first 
8 bytes (&40-&47) contain data for the first 
defined character, addresses &48-&4F the 
second character and so on. 


SOFTWARE CONSIDERATIONS 


Having generally described the Lc.d. 
module, let us now examime the software 
required to drive it. The listing shown in 
Table 4 is for a basic display in which the 
required string is displayed on the L.c.d. 
module starting at the top left position. 
Should the string be longer than 40 char- 
acters it will continue on the lower line. The 
software has been written as a number of 
procedures which one can include in one’s 
own programmes. 
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The first thing to do is to initialise the 


BBC microcomputer’s User Port (PROC » 
__initialise_ port). This port can be corisi- © 


dered as two memory locations, the Data 
Direction Register (DDR) address &FE62 
and the Data Register Buffer (DRB) at 
address &FE60. In this case we configure 
the port as all outputs, and as an output is 
represented by its corresponding bit in the 
DDR being ‘1’, we write into the DDR 
&FF, To provide some known starting 
value one now drives all the outputs to ‘0’ 
by writing &00 into DRB. ; 

Having initialised the port one can initia- 
lise the Lc.d. module. When power is ap- 
plied to the l.c.d. module it puts itself into 
the following mode: 8-bit data bus, 1-line 
display, display off, cursor off, flash off. For 
this application the operating mode needs 
to be changed to 4-bit data bus, display on 
and 2-line operation. This is achieved by 
PROC _initialise_1.c.d, Examination of 
the instruction set command ‘Function set’ 
shows that if D/L is ‘0’ the module will be 
put into 4-bit mode. By setting our 4-bit bus 
to ‘&2’ the module’s 8-bit bus reads this as 
&2X (X = don't care) and sets itself into 4- 
bit mode. From now on data is sent as two 
4-bit nibbles representing the contro] bytes 
&28, &0C, &06, &01. Note that all these are 
written into the Instruction Register. The 
l.c.d. module is now ready for use. 

To send alphanumeric ASCII characters 
to the l.c.d. module one creates a message 
string called string$. Characters are extrac- 
ted one at a time from the string, split and 
sent to the l.c.d. display as two nibbles. This 
is the purpose of PROC_ display which 
writes data into the module’s Data Register. 
First of all it clears the display of any 
previous messages that may be displayed. It 
then splits the first character in string$ into 
two parts called high% and low% and adds 
32 to each of these to set the RS bit to ‘1’ 
thereby selecting the Data Register, and 
setting the R/W bit to ‘0’ signify that it is a 
write command. 

As previously stated, data is latched into 
the L.c.d. module by generating a negative 
edge on the ‘E’ line. This is achieved by 
sending the nibble with ‘E’ set to ‘0’, then 


¢ 


VIEWING 
WINDOW 
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Fig. 3. Pin connections of module 
viewed from I.c.d. window side 


sending it with 64 added to its value thereby 
setting PB6, and hence ‘E’ to ‘1’, followed 
by the original value. This produces the 
required negative edge. This process is then 
repeated for all the other characters in the 
string. Should the string contain the ASCII 
value used by the BBC microcomputer for 


Table 4. Basic display program 


10 REM Job Hopp deeb eioiooiiosiicicoiosio deoioapiniaieaiciaaainiooiasdsak 


20 


30 b BBC - LCD matrix interface 


40 


50 Ray Stuart December 1935 


60 


70 RER Fee eedoioioacicioioiosiolaidiogcicisiok a aca Ss fia Sik aR ak aici fea aa 


80 


90 PROC_initialise_port:PROC_initialise_lcod:PROC_define_£ sign 


100 REPEAT 


110  CLS;INPUTTAB(5,5)"STRING = "STRINGS:PROC_display 


120 UNTIL FALSE 
130 
140 DEF PROC_initialise_port 


150 DDR=&FE62 :DRB=8FE60: ?DDR=&FF: 7DRB=800 


160 ENDPROC 

170 

180 DEF PROC_initialise lcd 
190 RESTORE 370 


200 FOR I=1 TO 9:READ A%: 7DRB=A%: ?DRB=A%+64 : PDRB=AS:NEXT I 


210 ENDPROC 
220 
230 DEF PROC display 


240 ?DRB=0: ?7DRB=64: ?DRB=0: 7DRB=1 : 7DRB=65: 7DRB=1 
250 FOR I[=1 TO LEN(STRINGS) :CHARS=MIDS$ (STRINGS ,I,1) 


260 C%=ASC(CHARS):IF C%=96 THEN C%=0 


270 = LONS=(C3 AND 15)4+32:HIGHS=( (CS AND 240)DIV16)+32 
280 ?DRB=HIGHS : PDRB=ITIGH$+64: PDRB=LIGHY : 7DRB=LOWS : PORB=LOW3 +64 s PDRB=LOWUS 


290 NEXT 

300 ENDPROC 

310 

320 DEF PROC_define £ sign 
330 RESTORE 390 


340 FOR I=1 TO 18:READ A%: ?DRB=A%: 7DRD=A%+64: PDRB=AG:NEXT I 


350 ENDPROC 

360 

370 DATA 2,2,8,0,12,0,6,0,1 
380 


390 DATA 4,0,32,38,32,41,32,40,32,40,33,44,32,41,32,47,32,32 


Table 5. L.c.d. module abbreviations 


DD RAM : Display Data RAM 
CG RAM : Character Generator RAM 


ACG : CG RAM address 
ADD : DD RAM address (cursor position) 
AC : Address counter, both DD and CG RAM addresses 


the ‘£’ sign (96), this is detected and 
changed to 0. This is because the user 
defined character for the ‘£’ sign has been 
allocated character number 0 by 
PROC_define_£_ sign. 


INSTALLATION 


Apart from the l.c.d. module itself the 
only other component required is a length 
of 20-way ribbon cable fitted with a suitable 
20-way IDC connector and wired to the 
module as indicated in Table 2. It should be 
possible to mount. the display under the 
clear plastic legend strip if a suitable size 
cut-out is made in the case. Once a message 
has been displayed it will be retained until 
such time as another is sent or the machine 
is switched off. Thus it is possible to give 
information relating to say function keys 
and then let the programme return to 
driving the main VDU. Indeed, for some 
applications an l.c.d. display could be the 
only display required! 


APPLICATIONS 


There are numerous applications for an 
additional display of this type. It could, for 
example, be used to indicate the function 
key operations for user programmes, to 


indicate real time from a battery backed 
clock, to indicate analogue values by con- 
figuring it, with the aid of the program- 
mable character generator, display a multi- 
channel bar graph, or used for simple ani- 
mated graphics again with the aid of pro- 
grammable characters. The scope is, as. 
they say, only limited by the imagination. 


Book Comer 


The Advanced User Guide, Bray, Dick- 
ens and Holmes, Cambridge Micro- 
computer Centre, ISBN 0 946827 00 1, 
A very complete guide in Chapter 15, 
but heavy going. Reading one of the 
other two books first will avoid mental 
indigestion. 


The BBC Micro ROM Book, by Bruce 
Smith, Collins, ISBN 0-00-383075. A 
very readable step-by-step guide to the 
working of ROMs, and writing soft- 
ware for them. 


BBC Micro ROM Paging System, Wat- 
ford Electronics. A good introduction 
which is also useful as a summary in 
conjunction with either of the other 
two books. 
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HE problem following the demise of my old mechanical timer 

was exactly what was to replace it. There are many gadgets 
around all purporting to be for the purpose. In the end simplicity 
was allowed to win, and the features built in are shown in the 
specification box. 

1) Mains powered (Batteries for someone who spends 
tong night hours in the darkroom can be dreadfully 
inconvenient.) 

2 9V supply 
a, To give the safety of batteries. Darkrooms are 
notoriously damp and electrically inhospitable places. 
b, At 9V or less CMOS 4017s will drive l.e.d.s directly 
without current limiting resistors. 

3) Autodimming {A lot of colour processing is done in 

’ total darkness, and many photographers work ‘‘eyes 
shut’. Afterwards is too late to discover that you 
forgot to dim the clock.) 

4) Easily read (In any light from room daylight to total 
darkness, whilst remaining reasonably safe 
photographically.) 

5) Count up (Any form of presetting which does not use 
multiple timers is not welcome in most darkrooms. 
When a tank has to be emptied and refilled to a time, 
and a timer has to be reset at the same time to a time 
different to the one just used . . .) 

6) Instant reset (In the above situation any available 
hand, bottle, tank, elbow will do.) 

7) Indicated time (Must be capable of exceeding any 
time the operator would wish to use. The timer will 
read to 100 minutes then auto reset.) 

8) The display (In my darkroom things happen on, or as 
near as one can make it to, a particular second. Any 
timer then, needs to have an analogue seconds 
presentation so that some sort of actions can be 

_ Started jn anticipation of actual elapsed time. 

Having one l|.e.d. for each second puts up the price 
of the timer but is perfect for ease of reading, quickly, 
and without ambiguity.) 

Minutes (Since reading the minutes display is usually a 
far more leisurely affair than reading seconds, and 
since this time we want to know how long has elapsed 
rather than how long to go, two seven-segment |.e.d.s 
provide the information. In order that only elapsed time 
is displayed all Os are blanked un/ess there is a number 
other than O in the M.S.D. So at 00 minutes, that is, 
seconds only elapsed, both seven-segment displays 
remain blank, At 01 minutes through to 09 minutes 
elapsed the display shows 1-9. At ten minutes 
elapsed the display shows 10.) 

Parts (Parts were chosen to be ‘standard’ and thus 
available as long as the timer is likely to remain in 
service. The old timer determined the size of the 
presentation since the prototype fits the old case.) 


“oO 
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HOW IT WORKS 

For the purpose for which this timer was designed, input needs 
to be 9-16V.a.c., with sufficient current available to ensure 
'1450-180mA after rectification. One of the small battery elimina- 
‘tors with its rectifier diodes removed is ideal. The intention being 
to eliminate any possibility of having mains anywhere near the 
timer. The circuit diagram is shown in Fig. 1. 


A2 


The incoming a.c. is fed through a 1A bridge or four small 
diodes arranged as a bridge and the unregulated d.c. stabilised by 
a 7805 IC1. However, for timing purposes a.c. is tapped from 
ahead of the rectifier, current limited by R1, clipped to supply 
voltage D1 and D2, and compared for level to the stable d.c. level 
by IC3, a 4093 Schmitt Nand gate. 

The resulting clean 50Hz square wave is divided by five inIC2,a 
4018 divide by ‘n', cleaned again by IC3, passed to IC4, a 4017 
decade counter, to be divided by ten. This output being the 1Hz 
working signal. 


THE SECONDS DISPLAY 

The seconds display is a matrix of 60 |.e.d.s, six rows, each row 
10 |.e.d.s long. Each row has its cathode route to OV switched in 
sequence by a BC108, TRs 1-6. 

The 1Hz output from IC4 is applied directly to the input of IC5, a 
4017. The outputs of IC5 go high in sequence continually, 
resetting at ten second intervals. Each of the first |.e.d.s in each of 
the six rows is connected to the first output, i.e. pin 3 of ICS. All of 
the second I.e.d.s are connected to the second output, pin 2 etc. 
Only the I.e.d.s which have access to OV are able to shine, but by 
switching the rows sequentially all 60 I.e.d.s can be made to shine 
consecutively. 

The carry out pulse from ICS is the input to IC6, and the outputs 
from IC6 which change state at 10 second intervals connect the 
matrix rows to OV in turn by providing base current to TRs 1-6 
through resistors R3—-R8. 

IC6 is also configured to divide by 6, so the leading edge of the 
seventh output triggers its own reset and the matrix count starts 
again at zero. D3 prevents the reset pulse straying to ICs 4, 5 and 
7. Since the IC7 reset pulse occurs 60 seconds after counting 
starts it is also used to drive. 


THE MINUTES DISPLAY 
When the timing sequence starts, i.e. the reset button is 
pressed, D4 prevents the reset signal getting to the count input, 


Practical Electronics March 1986 


Peo] Be 
| 
—— 


E 
£ 

: 
i 

a 
é 
ns 


Practical Electronics March 1986 


pin 1 of IC7. IC7 is a dual BCD up counter. IC7a counts the I.s.d. 
via pin 1, resets via pin 7, is enabled by pin 2, and outputs at pins 
3, 4, 5 and 6. IC7b counts the m.s.d: via pih 9+-is‘enabled via pin 
10, reset on pin 15, and outputs at pins 11, 12, 13 and 14. 

All (C7a outputs are at OV. IC7b count is disabled due OV pin 
10, IC7b pin 9 is high but is ignored since the count is disabled. 

ICs 8 and 9 are both disabled due OV on their respective pins 4. 
On receipt of a count pulse from IC6 pin 3 IC7 goes high, putting 
pin 4 of ICP high via D24 and D20, enabling IC9 to decode the high 
from IC7 pin 3 and display a 1 as I.s.d. 

Pin 10 of IC7 goes high but now pin 9 is low so no count occurs. 
The m.s.d. display is still blank due D19 preventing IC8 being 
enabled via its pin 4. 

On the arrival of the 10th pulse from IC6 all outputs of IC7a go 
low, but this time the high from IC4 is counted, IC7 pin 12 goes 
high, [C8 and ICQ are both enabled via D15 and D19. A 1 is 
displayed as m.s.d. and a O as |.s.d. 


RESET 

During operation C5 is charged to supply rail voltage. When the 
reset button is pressed, C5 provides the current to reset ICs 4, 5, 
6 and 7 and the count starts again from 0. 


DIMMING 

Due to the differing power requirements of the two parts of the 
display slightly different methods are used to dim them. 

All 10 outputs from IC5 are also routed via D5—D14 to the 
collector of TR7. In light conditions the base of TR7 is held low 
due to R30 conducting. TR7 is turned off and the whole output of 
TR6 is available to the |.e.d.s which go as bright as they can. 

As ambient light reduces R30 stops conducting, the voltage on 
the base of TR7 rises and TR7 turns on, reducing the current 
available to the matrix |.e.d.s. R24 prevents TR7 turning fully on 
and so sets the minimum brightness level. 

The minutes readout has the opposite arrangement, Here, R23 
and R31 are in parallel, and in high ambient light conditions the 
base of TR8 is held high, allowing the readout to shine as brightly 
as R9-R22 will allow. As light falls R31 stops conducting and the 
voltage on the base of TR8 falls. TR8 turns off reducing the 


LEDs D29-89 INCL. ARE 
MOUNTED WITH THEIR CATHODES 
ON THE OUTER EDGE OF BOARD 


1C1 7805 MOUNTED ON 
BACK OF BOARD 


CAPACITOR C2 MOUNTED 
ON BACK OF BOARD 


REC t 
MOUNTED 


brightness of the display. R23 sets. the minimum brightness. 
Since in the seconds matrix only one |.e-d. is lit at a time, aBC108 
is sufficient for TR7, but for the higher current carrying capacity 
required TR8 is a 2N3252. 
Total power requirements: 
Total darkness, 30mA. 
Ambient room daylight, 130mA. 


TOTAL DARKNESS 

In total darkness with only 1 l.e.d. lit, ie., during the first 
minute. It can be difficult to orientate the face of the timer 
accurately when reading quickly. L.e.d.s D25—D28 are only visible 
in near total darkness, to provide the orientation, 

Depending on the usage anticipated, for the same reason, it can 
be a distinct advantage to have every 5th |.e.d. a different colour, 
this improves the accuracy of reading in almost any lighting 
condition. 


CONSTRUCTION 

The component layout is shown in Fig. 2. Apart from a 
soldering iron and meter of some sort a logic probe is almost 
essential. The probe described in PE October 1984 is sufficiently 
versatile to handle any problem likely to be encountered, even if it 
is only breadboarded. That probe has been tested on the clock 
and will indicate all necessary levels, being t.t.l. it might not 
always indicate a high, but it always moves away from 0, i.e. it 
floats. 

Component spacing can be a little tight, especially around IC2 
and IC3 and around the seven-segment readouts. Depending, for 
example, on the type of rectifier chosen, R1 may well lie partially 
beneath it. 

Where possible, and that is most of the time, use standard 
construction techniques, i.e., links first, resistors and diodes next, 
then the larger components. 

Construction is sequenced in the following order so that the 
correct operation of each stage may be verified before construc- 
tion of the next stage starts. 

1) Power supply and rail extension, 

2) Pulse origin. 

3) Pulse division and count. 


shows 
how the loom 
and diodes are 
positioned on 
the reverse side 
of the board 


Inset 


Fig. 2. Component layout (actual size) 
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.4) Minutes display. 
5) Seconds display. 

. Start by putting the power supply together, REC1 and IC1 and 
the components around IC2 and IC3, C1—4, D1, D2, R1, R2. 

. NOTE: IC1 and C2 are mounted on the back of the board. The 
aftrangement is a little untidy, but it keeps the front component 
height low which may be important at the presentation stage. 
Caution with the orientation of IC1. 

Switch on and test for: 
/»'1) a.c. at the site of pin 2 IC3. 
“2) 5V d.c. pin 3 IC1. 
pin 14 IC3, pin 16 IC2. 
3) OV pin 7 IC3, pin 8 IC2. 


Extend the power supply rails using links and R25-R28 so that’ 


le.d.s 1-4 can be fitted and tested. NOTE l.e.d.s 1-4 are 
extremely dim being only intended to be used in total darkness. 

Fit IC2 and IC3. Check for 10Hz pulse train at pin 1 IC2, and at 
site for pin 14 IC4. 

Fit IC4 and check for 1Hz at pin 12, and at site for pin 14 ICS. 

Fit IC5 and check the sequence of pulses at the ends of the 
tracks radiating from the i.c. If you can be certain of the pulse 
sequence at the track extremities, problems which may occur 
later will be much easier to deal with. It is most strongly 
recommended that unless the sequence at the ends of the direct 
tracks is operating correctly, no further installation be done until 
the problem is located and solved. 

Fit IC6 and carefully check the outputs. For a 1/10Hz input to 
pin 14, pins 4, 3, 2, 7, 10, 1 should go high in that order and 
remain high for 10 seconds. If all is well R3—-R8 and TR1-TR6 can 
be fitted and tested. 
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Fit D15—D24 then IC7, not forgetting the links back to IC3. 

Test again. It should now be possible to detect the entire 
sequence of operation at some point on the circuit. If necessary 
R29 and C5 can be inserted and S11 jury rigged with wire for test. 

Fit C8 and IC9, caution with orientation, they are upside down 
when looking at the markings on the back of the chips, with 
respect to the other devices on the board. Check that the inputs of 
1C8 and IC9 result in the desired outputs. 

Fit displays 1 and 2 and associated resistors, TR8, R23 and 
R31. 

Run the timer. If all is well, after switching on and pressing the 
reset, nothing will happen for one minute, then a one should 
appear in the |.s.d, From then on the number displayed should 
increase by one every minute until 100 minutes has passed, when 
the display should go blank and start again. The dimming function 
can be checked by placing a finger firmly on R31 and observing a 
noticeable change in the display intensity. The total darkness 
display brightness cannot be determined by this method, the 
amount of light passing through your finger will prevent minimum 
brightness being reached. 


Fig. 3. Wiring hints 


START POSITION 
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Constructing the 60 |.e.d. matrix requries patience if optimum 
results are to be achieved. Start by deciding whether the l.e.d.s 
are to lie flush on the board or at some pre-determined height, as 
required by the container you are going to use. Some [.¢,d.s have 
irregularities built into their legs to assist in this kind of position- 
ing. Having decided a height, make a small jig that will hold the 
l.e.d., given, say, finger pressure on the l.e.d. side, whilst you 
solder single-handed on the other side of the board. A short 
rehearsal with spare |.e.d.s and a spare piece of p.c.b. at matrix 
Spacing will pay dividends in neatness later. All face l.e.d.s can 
now be mounted. 7 
LACING 

Itis now necessary to join all equally numbered I.e.d.s together. 
You will require ten lengths of connecting wire, preferably with 
different coloured covers, each 15 to 20 inches long. 

Remove the waste cathode leg from those l.e.d.s already 
installed. Solder each length of wire to an anode leg. Lay out the 
wire away from the timer. Using the test battery and resistor, test 
all |.e.d.s, change any that have stopped working. 


SECOND STAGE 

Lay the first wire along the legs of the I.e.d.s until you can mark 
where the insulation is to be split before soldering to the anode of 
|.¢.d. Do not pull the wire tight, to be in position is sufficient. See 
Fig. 3a. Prevent the strain on the wire from pulling at the leg of 
|.e.d. 1, split the insulation on wire 1 just short of |.e.d. 11 and pull 
it 1cm or so sideways, See Fig. 3b. Loop the bare wire round the 
leg of Le.d, 11. See Fig. 3c. 

Check that wire 1 is not touching wires 9 or 10, otherwise it is 
possible for the insulation to melt in a position where it cannot be 
seen. See Fig. 3d. Solder wire 1 to l.e.d. 11. Return wire 1 to the 
start position, i.e. leading away from the centre. Repeat with 
wire 2. 

Before laying wire 3 to position 13, lay it over wires 1 and 2 still 
in the start position. See Fig. 3e. Push it back under wires 1 and 2 
on the |.e.d. 1 side of |.e.d. 3, firm it up, do not pull tight, lay out 
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and solder as for wires 1 and 2. All subsequent wires are to be 
tied in place before being laid out except those:soldered to the 
59th and 60th I.e.d.s. : 
When wire 10 is in place check function of the first 10 l.e.d.s by 
running the timer. 
If the timer is run following every soldering operation on wire 1, 
more and more |.¢.d.s will be brought into the display until all run. 


DIMMING 

At some time during matrix construction, prepare and install 
diodes D5—D 14. They can run in either direction. They should be 
soldered to any 10 consecutive face |.e.d.s, but the cathode of 
D14 should be around the position occupied by I.e.d. 20. 

Prepare the diodes by bending small loops at each end of the 
diodes, use a very small screwdriver or thickish wire offcut, The 
loops should be at 90° to one another so that the loop at the an- 
ode end can drop over the |.e.d. leg, which lies vertically, whilst al- 
lowing the loop at the cathode end to accept a horizontal 
collecting wire. 

Complete the matrix, testing fully at least every 10th position. 

Add the various dimmer components not already fitted. 

The timer is now ready for use. There are no adjustments that 
can be made to the timing function. The only adjustments that 
might be necessary are to the light output from the I.e.d.s when 
the timer is operating in total darkness in your darkroom. The 
prototype timer has been working with a variety of colour 
sensitive materials in my own darkroom for several months with 
no apparent problems of any sort. 


TIMING PULSES 
Timing pulses appear at the following places and rates: 
IC3 pin 1 10Hz 
pin 14 5OHz 
IC4 pin 2 50Hz 
IC5 pin 14 10Hz 
pin 12 1Hz 
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Nobody can fail to be impressed with the 
beauty of Sirius, or Alpha Canis Majoris, 
which is now at its best. From Britain it is 
never yery high up, but it cannot be mis- 
taken, because it is far brighter than any 
other star; its nearest rival, Canopus, is 
never visible from Europe, and Sirius is a 
magnitude and a half brighter than Arctu- 
rus, the most brilliant star in the northern 
hemisphere of the sky. 

It owes its pre-eminence more to its 
closeness than to its power. It is 26 times as 
luminous as the Sun, but it is a mere 8-6 
light-years away, and of the first-magnitude 
stars only the southern Alpha Centauri is 
closer than that. It is pure white, and has an 
A-type spectrum, though it seems to flash 
various colours because it is shining 
through a relatively dense layer of the 
Earth’s atmosphere. 

Stars twinkle most when they are low 
down, and Sirius is the sky’s supreme 
“twinkler’’. Even when seen at the zenith 
(as it can be, of course, from countries such 
~ as Australia) the twinkling is still quite 
marked. 


Sirius is not alone. It has a companion 


_ only 1/10,000 as bright, known to bea white 


dwarf—a star which has used up its reserves 
of nuclear energy, and may be described.as 
“bankrupt”. Because Sirius is known as the 
Dog-Star, the companion is often nick- 
named the Pup but it is a very busy pup. Its 
mass is about the same as that of the Sun, 
and its density is some 60,000 times that of 
water, 

Many white dwarfs are known, but the 
Pup is the most famous of them. It is not 
easy to see, except with large telescopes, 
because it is so overpowered by the brilliant 
light of its primary. 


MYSTERIOUS SIRIUS 

There is a mystery associated with Sirius. 
Ancient astronomers, including Ptolemy of 
Alexandria (who flourished around A.D. 
150) described it as red, and this seems 
remarkable, because Sirius is certainly not 
red now. Neither is it the sort of star likely 
to change colour; it is a normal member of 
the Main Sequence. So what is the 
explanation? 

Various ideas have been put forward. 
One of these involves the Pup. Before 
collapsing to the white dwarf stage, a star 
passes through a period of high luminosity 
and cool surface temperature. Red giants 
are common enough—Betelgeux in Orion is 
one—and is it possible that the Pup used to 
be a red giant in the days of Ptolemy? 

This is intriguing, but there are any 
number of objections to it. First, the time- 
scale is all wrong. Though the collapse to the 
white dwarf condition is rapid by cosmical 
standards, it is very gradual on the terres- 
trial time-scale, and would most definitely 
occupy more than a mere couple of thou- 
sand years. 

Moreover, a star made up of the present 
Sirius together with an even more luminous 


red giant would be startling by any stan- 
dards; it would surpass Venus, and would 
easily be visible in broad daylight. Neither 
Ptolemy nor any of the other astronomers of 
Classical times gives the slightest indication 
of this. So it seems that the whole theory 
must be rejected out of hand. 

Then can it be that the twinkling of Sirius 
really did give the impression that it is 
basically red? Some years ago, in a tele- 
vision Sky at Night programme, I carried 
out a test, and asked viewers to look at 
Sirius and send me postcards reporting its 
colour. I had over 5000 replies and not one 
of them said that Sirius was red, though 
because of the strong twinkling red flashes 
were seen now and then. But Ptolemy lived 
in Alexandria, where Sirius rises much 
higher in the sky and the twinkling is less, so 
that I feel we must reject this also. 

All in all, we seem to be forced to the 
conclusion that there have been mistakes 
either in observation or (more probably) 
interpretation or translation. But it is 
strange all the same, and no explanation 
seems to be completely satisfactory, 

I simply cannot believe that there has 
been any real change in Sirius during histor- 
ical times. But I do suggest that you look at 
it, when the sky is clear, and see what you 
think, If you can bring yourself to call it a 
red star, I will be very surprised indeed. 


ARIANE 

When I went to French Guiana, in July 
last year, to watch the launching of the 
Giotto probe to Halley’s Comet it would be 
wrong to pretend that I was over-confident. 
Though Ariane’s performance has im- 
proved tremendously of late, it is not yet 
totally reliable. Everyone felt a sense of 
relief when it was put into the right orbit. 

Things were not so good for the next 
Ariane launch, from Kourou. There was a 


Note the little triangle of stars close by Capella, known 


THE SKY THIS MONTH 


This is not a very good month from the viewpoint of 
planetary observers. Venus is almost out of view. 
though it starts to emerge into the evening twilight just 
before the end of February. Mars and Saturn are both 
morning objects, and near the middle of the month they 
fairly close together, near the boundary between Scorpi- 
us and Libra; Saturn is the brighter of the two (magni- 

‘tude 0:7, as against 1-1 for Mars). Jupiter passes 
through conjunction on the 18th, and so it also is 
practically unobservable. 

This leaves us with Mercury, which of course is never 
at all prominent as seen with the naked eye—not 
because it is faint (its magnitude can exceed those of 
almost all the stars) but because it cannot be seen 
against a dark background. It will, however, be an easy 
evening object in the fatter part of this month, reaching 
greatest eastern elongation on the 28th; it should be 
seen without any difficulty—given clear skies and a dark 
horizon free from artificial illuminations. 

Of course the evening sky is still dominated by Orion 
ch is now high in the south after dark; this is also the best 
time to enjoy the beauty of Sirius. Leo, the Lion, is rising 
in the east, with the Square of Pegasus sinking in the 
west and the Great Bear almost at its lowest—with its 
“tail’’ pointing almost to the horizon. The W of Cassio- 
peia is very high and Capella, in Auriga, almost at the 
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collectively as the Haedi or Kids. Epsilon Aurigae, at the 
apex of the triangle, is the remarkable eclipsing binary 
with its period of 27 years. It is usually believed to shine 
steadily, at magnitude 2-9, between eclipses—the next 
of which is not due for a quarter of a century: but there 
have been recent suggestions that it may be less 
constant than has been thought, so it is well worth 
watching. 


HALLEY’S COMET 

Halley's Comet is now out of view. It passes perihelion 
on the 9th and will then be almost on the far side of the 
Sun, so that nobody on Earth will see it. However, we 
may after all be able to study it! The Pioneer probe now 
orbiting the planet Venus is to be turned toward it in an 
effort to record its behaviour as it makes its closest 
approach to the Sun, and there is no reason why this 
should not be successful. 

Venus, of course, is on the same side of the Sun as the 
comet, and if there were any astronomers there they 
would have a fine view, provided that they placed 
themselves above the top of the dense all-obscuring 
atmosphere. From the actual surface of Venus nothing 
could ever be seen through the cloud-layers. 

The comet will again be observable in March and on 
the night of March 13/14 the Giotto probe will pass 
through it, so that with luck it will send back pictures of 
the ice nucleus. { will have more to say about this next 
month. 


Cl Oe ee eee 


Please publish the following small ad. FREE in the next available 
issue. | am not a dealer in electronics or associated equipment. | 
have read the rules. | enclose a cut-out valid date corner. 


\ 
\ 


dual payload, the GTE Spacenet’s F-3 
satellite and the ESA/Eutelsat ECS-3, both 
of which were destroyed when the decision 
had to be taken to abort the mission when 
Ariane’s third stage failed. 

Since then things have returned to “‘nor- 
mal”, but the accident did underline the 
danger of having only one craft for a 
mission which cannot be repeated for a long 
time. There was only one Giotto, and 
Halley’s Comet will not be back for another 
76 years. 

Meanwhile the US preliminary attempt 
to assemble the first stages of a space- 
station, operating from the Shuttle Aflantis, 
have been completely successful, and this 
augurs well for the future. We will surely be 
unlucky if a fully-fledged space-station is 
not in orbit well before the end of the 
century. 

KECK OBSERVATORY 


There is great activity on the summit of 
Mauna Kea, in Hawaii, the extinct (we 


hope) volcano which is already the site of 
several major telescopes, including the 


. United Kingdom Infra-red Telescope 


(UKIRT). As a site, Mauna Kea, at almost 
14,000 feet, is ideal for astronomical obser- 
vation, apart from the inconvenience of the 
very thin atmosphere—and even this is not 
too damaging, because telescopes can now 
be operated entirely by remote control, and 
the observer need not be in the dome or 
even on the same continent. 


MAIN SCOPE 

The main telescope at the new W. M. 
Keck Observatory will be a reflector with a 
10-metre segmented mirror, made and op- 
erated by CARA (the Californian Associa- 
tion for Research in Astronomy). If all goes 
well, it will see “first light” in 1990, and it 
should be in full operation in 1991, It will be 
far more powerful than any existing tele- 
scope, and indeed to make a single mirror of 
this aperture would be a wellnigh impos- 


sible task. It will be very interesting to see 
how it compares with the Hubble Space 
Telescope, which has a mirror “only” 94 
inches in diameter but will have the tremen- 
dous advantage of operating from above the 
Earth’s atmosphere, ‘ 


HISTORY 

In view of all these technical develop- 
ments, it is rather interesting to look back in 
history to what was once the world’s largest 
telescope—the 72-inch at Birr Castle—built 
virtually single-handed by the third Earl of 
Rosse and completed in 1845, It has not 
been used now for almost eighty years, and 
was dismantled long ago, but plans are well 
in hand for bringing it back into action. 
Naturally it will be of historical value only, 
but many people will welcome the opportu- 
nity to look through the “Leviathan” which 
was the first telescope powerful enough to 
show the spiral forms of the objects we now 
know to be external galaxies. 
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Wanted: Circuit Diagram for Speak and 
Spell or Pinout Details of CD2303, 
CD2304, NA7949 I.C.‘s. Mr. J. Murphy, 2 
Morden Gardens, Mitcham, Surrey CR4 
4DH. 

Wanted: for personal use information 
about BBC 0.8.0.1 Carrier Board. Mark A. 
Colson, 74 West Street, Horncastle, Lin- 
colnshire LN9 SAE. 

Safgan DT410 Dual Beam Scope 10MHz 
X-¥ SMV with leads. As new. Ext. Trig. 
£100, Mr. M. D. Allsop, 16 Chelmorton 
Place, Chaddesden, Derby. Tel: (0332) 
678027. 

Wanted: Acorn Electron Component 
—U.L.A. Chip (12C021). Mr. C. Lawler, 35 
Ovenden Green, Halifax HX3 5EW. 
Wanted: Penfriends—those who are in- 
terested in exchanging new ideas of elec- 
tronics. Students are welcome. Mr. Syed 
Shahid Raza, 599/20 Fedral ‘’B"’ area, 
Giutistan-E-Mustafa, Karachi-38, Pakistan. 
Telephone Cordless 750ft Range 10 
Memory and Redial with Charger. As New. 
£85. Tel: 0302 867874. 

ITT Aristocrat TV: 99 per cent of parts 
good: Set could be mended £20. Tel: 
Dronfield 413667. 

Dragon 64: v.g.c. with Dragon data joy- 
sticks and several software items. Bargain 
£100. Mr. G. Stoddart. Tel: Macclesfield 
(0625) 22371 Evenings. 


MI QUIS LUNG 2 ced sxmaresinretnsatne ue ors ved daenc esau 
Please read the RULES then write your advertisement here— 
one word to each box. Add your name, address and/or phone no. 
COUPON VALID FOR POSTING BEFORE 7 MARCH, 1986 


(One month later for overseas readers.) 


SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, 16 GAR- 


N 
x WAY ROAD, LONDON, W2. 


4 


‘4 
%, 


\ 


% 


Date 6 ons nae anes 


Brother HR-5 Printer (Serial Version). 
Many functions. Excellent condition. With 
paper and ribbons. £60. Buyer collects. 
Mr. D. Snowdon, 124 Walpole Road, S. 
Woodford, London E18 2LL. Tel: 01-504 
0565. 

Turret Tags Standard AS RS 433-589. 
Large quantity surplus to requirements. 
Offers. Mr. J. K. Potts, 42 Keswick Road, 
High Lane, Stockport, Cheshire. 

Disk Drive Cumania CS100 including 
power supply. Ideal for BBC. £70. S. C. 
Robins, 8 Craven Street, Harrogate, N. 
Yorks. Tel: 0432 66891. 

Bandbox as published in P.E. £150. G. E. 
Goodfellow, ‘Springbok’, Poulders Road, 
Sandwich, Kent CT13 OBB. Tel: 034- 
612420. 

Ultra 34in Oscilloscope circa 1939. Col- 
fectors item. Working. Best offer. Buyer 
collects. W. R. Critchley, 11 Hale Road, 
Helpingham, Sleaford, Lincs NG34 ORL. 
Tel: 052-921 273. 

Dozen edge connectors 2 x 36 way 0-1” 
wire wrap. Dozen 25-way ‘D’ sockets wire 
wrap. Offers. Mr. R. Ladkin, 29 Millfield 
Road, York YO2 1NH. : 
$100 Boards 16KSRam 32KSRam 
64KDRam 32K Prom Vista 8”SD Disk 
Controller 16 x 64 Video. Best Offer. J. 
Garrett, 14 Brookwood Road, Dublin 5. 
Tel; 0001-312731. Evenings. 
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Private advertisers only (trade or business ads. can be placed in our 
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Pye Vanguard Tx/Rx Crystal 70-26MHz 
v.g.c. £10. Counter 100Hz to 30MHz £15. 
Morse Key, new, £4. Mr. R, Pearson, 573 
Pentregethin Road, Ravenhill, Swansea 
SA5 SET. Tel: 0792 582941. 

PCBs ex-Computer/Industrial equipment. 
Loads of useful parts. 6 different boards 
for £4 post paid. K. Bailey, 40 Seymour 
Close, Selly Park, Birmingham B29 7uD. 
Tel: 021-472 3688. 

Urgently Wanted: Bio feedback 
machine or similar to measure minute 
electric voltage differences. G. K. Allen, 32 
Slindon Avenue, Peacehaven, Newhaven, 
E. Sussex. Tel: 87484. 

Wanted: Elektor Ram-Rom Board. 
PCB/Built/Faulty also Bas 1,3,5 Exmon 
Rom for U.K. 101, J. McDonald (0705) 
596058. 

Wanted: Circuit, Manual and/or Trans- 
former for Mullard L203 or similar valve 
oscilloscope. A. Mitchell, 78 Castlemore 
Avenue, Belfast BT6. Tel: 0232 799111. 
Clearing Workshop Transistor, Car Ra- 
dio, Organ parts, ref. books. All must be 
cleared send s.a.e. for list. R. Pearce, 8 
Holly Oak, Coxford, Southampton $01, 
Crotech 3030 15MHz Single Trace Oscil- 
loscope with manual and circuit diagrams. 
As new £110. J. Bevan, 8 Ynysllwyd 
Street, Aberdare, Mid Glamorgan. Tel: 
(0685) 812523 or 812143. 


Name & Address: 
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In the first half of this century the 
telecommunications industry was cosy 
and conservative—one might almost say 
dozey. The technology largely consisted 
of telephones and teleprinters, electrome- 
chanical exchanges, manual switchboards 
and lots of wires carried from place to 
place on wooden poles. In the UK the Post 
Office was the major customer for a ring of 
five or six manufacturers who were always 
being accused of price fixing and always 
blandly denying it. 


GEC and Plessey 


All this changed dramatically under the 
twin impact of electronics technology and 
the privatization of British Telecom. In 
came digital transmission, electronic ex- 
changes, microwave links, optical fibres, 
satellites, data communications, informa- 
tion retrieval and a variety of new services. 
Telecomms and computers came together 
to form what we now call information 
technology (IT). 

Then the, newly privatized British Tele- 
com started buying some of its equipment 
on the world market from foreign countries 
which were also engaged in this technolo- 
gical revolution and sometimes advancing 
much faster than the UK. Telecomms 
equipment, instead of being something 
you just bought locally when you needed 
it, became a massive, world-wide busi- 
ness. China, for example, in its 1986-90 
Five Year Plan, is allocating some £20 
billion for telecomms development. The 
country aims to increase its number of 
telephones from the present 5 million to 
33 million, 

This is the historical background which 
provides the rationale for GEC’s wanting to 
com ine with Plessey. Both companies 
have big sections making telecomms 
equipment and have been deeply involved 
with System X switching technology. At 
the time of writing. the original tentative 
approach from GEC has developed into a 
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'.. Glassical take-over battle. GEC are offering 


£1.18 billion for Plessey, or 160p per 
share. 

Plessey have rejected this offer but say 
they would be prepared to combine with 
GEC on the manufacture and marketing of 
System X alone. They also want to con- 
tinue their existing collaborative arrange- 
ments on future switching systems with 
the European firms Alcatel of France, Italtel 
‘of Italy and Siemens of West Germany. 

GEC’s reason for wanting such a merger 
or take-over is to make themselves bigger 
in telecomms manufacturing in order to 
compete better in world markets. At pre- 
sent GEC is only about 11th in the interna- 
tional league table of telecomms manufac- 
turers. Plessey is even lower down at 
about 14th. By becoming larger they could 
achieve economies of scale, at the same 
time avoiding the duplication of costs in 
the two companies, and thereby achieve a 
reduction of unit costs that would result in 
better competitiveness in world markets. 

This, of course, is the logic behind most 
mergers/take-overs and is why the Go- 
vernment is encouraging it as a general 
policy for all UK industry. However, com- 
bining with another company, whether by 
agreed merger or forced takeover, is not 
the only way of becoming larger. You can 
also do it by internal expansion, though 
this might take a long time. 

An economist friend of mine tells me 
there’s not much evidence either way on 
whether combination or expansion is the 
better expedient for achieving the ultimate 
aim of lower unit costs. There is obviously 
a danger in merging or taking-over that you 
merely replace two small inefficient firms 
with one large inefficient firm. 

Whatever has happened in the take-over 
battle by the time you read this, there is no 
question that GEC’s intentions are right in 
the UK as well as right for GEC. Britain's 
share of the world telecomms market has 
shrunk from a respectable 20 per cent to 


practically nothing. It’s high time that this’ 


downward slide be stopped and reversed. 


Chips and Jobs 


| see that the Policy Studies Institute has 
a fairly optimistic message about the effect 
of microelectronics technology on em- 
ployment. In a recent report, Chips and 
jobs: the acceptance of new technology at 
work, the Institute admits there have been 
some cases of big job losses but says 
there has been little resistance to the 
introduction of this technology at the 
work-place. 

Trade unions have generally taken a 
positive attitude, and the impact of mi- 
croelectronics technology on working life 
has so far been marginal. But, warns the 
Institute, the effect of these changes has 
yet to be felt in many industries. 

There’s no doubt at all that certain types 
of jobs have disappeared almost comple- 
tely—for example, in making mechanical 
cash registers and electromechanical tele- 
phone exchanges. | happen to know of a 
case of negotiated redundancies in a me- 
chanical engineering factory due, not to 
the recession, but to the introduction of 


CNC (computer numerically controlled) 
machine-tools. But, of course, new jobs 
have been created in the manufacture and 
use of the new electronic systems respon- 
sible for the changes. 


We can expect much controversy over 


the social and economic consequences of 
all this, and we won't get a true overall 
picture for some time. What is important 
economically is not a simple totting up of 
jobs lost and jobs gained—which is not 
much help to the individuals concerned 
anyway—but the improvement achieved in 
productivity per worker. 

In the past, for example, American 
workers have generally been more produc- 
tive than British workers in comparable 
manufacturing jobs not because they 
worked harder but because they have had 
more kilowatts of powered tools and 
machinery per capita raising their output. 


Now, in both countries, this powered — 


assistance is being supplemented by the 
“intelligence’’ of automated systems in 
production, distribution and related office 
work, Economic prosperity can obviously 
be good for the quality of life, though not 
necessarily so. Whether the total effect of 
these industrial changes will be beneficial 
is another matter. 


Early Warning Five Years 
Late 


It’s sad to see a nation which made such 
a brilliant success of early warning military 
radar in the 1939-45 world war now 
sinking to such a low level of efficiency in 
this field. In the late 1930s we built a chain 
of 19 metre-wave radar stations round the 
coast of Britain all the way from Orkney to 
the Isle of Wight. 

This was the famous CH (Chain Home) 
early warning radar system. It was con- 
structed in complete secrecy, was totally 
integrated with the RAF’s system of 
fighter aircraft control and was fully opera- 
tional to meet the attacks of enemy 
bombers by the start of that war. 

In contrast, the current £900 million 
project for an airborne early warning radar 
system is a continuing story of delays, 
technical problems and mounting costs. It 
is already five years behind schedule. 
Nobody knows when it will be completed 
or how much more cash will be needed for 
further development. £430 million has 
been mentioned. It might even be 
scrapped altogether. 

| note that this project bears the name of 
Nimrod, the ‘'mighty hunter’ from the Old 
Testament (Genesis 10, 8)—which would 
be mightily impressive if he was actually in 
a position to do some hunting. But it turns 
out, according to the Bible, that Nimrod 
was begotten by a character named Cush. 
So perhaps Cush was the one who first 
thought up the cushy job as a way of 


making a living and encouraged his son to ~ 


just pretend to go out hunting. Also, of 
course, Nimrod spelt backwards becomes 
Dormin which, as everyone knows, is a 
tiny, sleepy creature rather like a 
dormouse. 

For the regrettable record, the customer 
for this radar system is the Ministry of 
Defence and the contractor is GEC. 
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GROUP PA. DISCO 

AMPURERS post £2 ‘ 

150 watt Amplifier + 4 input Mixer pre-amp. illustrated 

ibpak ae Cratpatt Stave 500 mv. Iny 
Stereo, 300 watt inputs £125 

ies Hey BAY Vocal, 8 inputs, HI Mixer Echo Socket £129 

100 watt Valve Model, 4inputs, 5 Heavy duty . . £125 

60 watt Mobile 240v AC and 12v DC. 4-8-16 ohm+ 100v line £89 

MIKES Dual imp £20, Ficor Stand £13, Boom Stand £22, PP £2. 

Reverb Unit for Mi aor Musical Instruments £35 PP £1. 

Electronic Echo Machine for mic/etc, €85. Deluxe £95 PP £1. 


1000w amplifi y 
H-EHsits, oN sotaetoenied ‘is es 
CONSOLE Twin Decks, mixer pre amp £145. Carr £10. 
Ditto Powered 120 watt £199; or Complete Disco 120 watts £300. 
150 watt €300; 360 watt £490, Carr £30. 
DISCO MIXER. 240V, 4 stereo channels, dp ride aed 
tape, 1 mono mic channel, twin v.u, meters, headphone monitor 
outlet, slider controls, panel or desk mounting, matt black facia. 
Tape output facility. £59. Post £1. 
DELUXE STEREO DISCO MIXER/EQUALISER os above plus LE.D. 
vu. Glepieys Sere graphic equaliser, left/right fader, switchable 
r ine, mikevline, 
onineens Monitor, Mike Talkover Switch £129 re e2 
4 line/aux inputs, 2 mic inputs, 2 


As above but 3 deck in 
headphone monitors € 15. 
EQUIPMENT 
READY BUILT DELUXE 4 CHANNEL 4,000 WATT sound chaser + 
speed + 4 programs £89. Mk2 16 programs, €89 PP £2. 
LUGHT 4 coloured Flood Lamps Flashing to Music, 


PARTY 
Self-contained Sound to Light 410 x 196 x 115mm £34.95 PPE2. 


PosT 
ial 
el 
él 
£ 
2 
ral 
ra] 
Lal 
el 
él 
(a 
ei 
yd 
& 
2 
2 
2 
24 
2 
o 
24 
2 
7a 
2 
2 
£2 
2 
ra 
£2 
2 
Q 
2 
2 
go 
8 
1x) 
ra) 
8 
1x) 

Oo 8 

Lx) 


21 
ix 
18 
[=] 
&22 
eo 
cs 
ix] 
ea 
85 
£63 
4 
5 

£89 
£33 
£49. 
iq 
7 


es 
or 16 eo 


PA. CABINETS (om rot ee et Couns Te ee 
SPEAKERS 150W £84, 


WITH £56; 90W £75; 
200 Watt £100, 400 W en bite carreiz. 

300 WATT MIO-N-TOP SY YSTEM Ci 
TWEETER HORNBOXES 200 Watt 
WATERPROOF HORN SPEAKERS 8 ohms, 25 watt £20. 30 watt 
£23. 40 watt £29, 20¥V plus 100 volt line Post £2. a 


MOTOROLA PIEZO L square 
} 100 watts, No crossover required. 4-8-16 ohm, 78>:3' fal 
METAL ‘GRILLES Sin €3, 10in £3.50, 1Zin E450, 15in E550, 18in £7.50. 


FULL STOCK OF COMPONENTS, PLUGS, LEADS, ETC. 
MAINS TRANSFORMERS 
250-0-250V BOMA. 6.3 3,54. 6.3 1 
350-0-350V 250mA. 6.3¥ 6A CT $12.00 shroues 
220V 25mA, 6V 1 lad 220V 45mA. 6V 
260V 60mA. et ss faba 
an oitbaits 
tance ei 12, 16, 18, 20, 28 Fy 1 36, 0 
3a as et £16.00 £2 
£14.00 £2 
50 each post paid 
, OV, BA+ ATA 
\ 20-40-60V, A; 12-0.12V, A; 20-0-20V, 1A; 27V, 2A. 


£8.50 post 50p MINI-MULTI TESTER 

Pocket size instrument. AC/DC volts, 15-150-500-1000. 
IDC current oenn is fosieeance 0-100K 1000 o.p.v. 

DeLuxe 50,000 o.p.v. 7 x 5 x 

2in. Rorlcanes Oa reg mene Current SOmA to 

104. cerahnieal 1, FOI AC. £25.00 PP £1 

PANEL Leelee ra 5mA, 100mA, SOOMA, 
lense tne men ws Naot Vain, ES.5® post 6Op 


2A; JBV, 24, 


i506 4% oan e360 858 2 a 
aeainn stan 50; 6 x 4x 112in, £3.60; 8 x 5 x 2in, £4.00; 11 x 
6 * Jin, £5.50; 1 x 6 * 5in, £9,00; 15 x 8 x 4in, £12.00. 
ALUMINUM PANELS 18 sw, . 12% 12in. £1.80; 14 x Sin, £1.75; 
6 ™ din, S5p; 12 Bin. £1.30; erin Sp 8, Ops tes a 
Tap; 12 x in. 90 16 * 10in, £2.10; 16 x Gin. £1.30. TP 65p ea. 
UM BOXES. MANY OTHER SIZES IN STOCK. 
4x 2172 x 2in, £1.20; 3 x 2X 1in. £1; 6 x 4 x 2in, €1.90;8 x 6x 3 
in, £3; 12 x 5X Bin. £3.60; 6 x 4 x Jin. £2.20; 10 x 7 x Sin. £3.60 
HIGH VOLTAGE ELECTROLYTICS 32+32/500V 
16/4500 . Op 220/400V ...... + 


Drive 
BSR Single Belt 
BSR Single Rim 
BSR Single Belt  240v 


Magnet! 
Al GER BSR 240v ceramic [red 
AUTBEHANGER GARRARD Ceram fa 
TEAK VERECRED SUNT spect space for knell aripliier: 
Bool et for Garvand 6 in, * 14\4in, x 4in. £5. Post 


RADIO COMPONENT SPECIALISTS 


eee OEY. UK. Tel: 01-684 1665 
(Recess I eto iininane Callers tee Led 
Stamps Same day despatch Closed Wednesday 


Goodbye Berliner 


So the sales of pre-recorded tape cas- 
settes have now overtaken the sales of 
long-playing gramophone records. This 
probably doesn’t worry the I.p. record 
companies because usually they make 
both and have been expecting it anyway. 
And they are obviously in compact disc 
records as well, as these are coming up 
fast. 

The flat disc record invented by Emile 
Berliner in 1888 has given us all a lot of 
enjoyment and helped to make a lot of 
money for the consumer electronics sec- 
tor of the industry. But its major problem 
has always been the mechanical friction of 
the stylus being dragged along in the 
groove. Tape cassettes avoid a lot of this 
playback friction and optically scanned CD 
records eliminate it completely. 

The next leap in technology would be to 
get rid of the mechanical movement alto- 
gether. It is already being done in compu- 
ter memories and speech or music synthe- 
sizers, where the recorded information is 
read out purely electronically. Any firm 


whose R&D department could do this for 
Wagner's Aing or even Wham's Wake me 
up before you go-go would be onto a very 
good thing. 


Philological Footnote 


Until | read a recent issue of Siemens 
Components, the technical house journal of 
that company, | always thought the lon- 
gest word | knew was ‘antidisestablish- 
mentarianism’ (28 letters). Not that it 
crops up more than twice a week in casual 
conversation. But German electronics has 
gone one better than English theology with 
‘abschaltverzégerungsschaltung’ (29 
letters). ; 

The Germans are famous for their port- 
manteau words and they have a lot of 
electronics/communications terms with 
twenty or more letters. But when it comes 
to nearly thirty letters, the tight-lipped 
Britisher accustomed to communicating in 
monosyllables must feel they have gone a 
bit too far. For anyone interested, this 
word describes an electronic device giving 
delayed switch-off of an electrical circuit. 


MAIL ORDER ADVERTISING 


British Code of Advertising Practice 
Advertisements in this publication are required to conform to the British Code of 
epee Practice. In respect of mail order advertisements where money is paid in 
advance, the code requires advertisers to fulfil orders within 28 days, unless a longer 


delivery period is stated. Where goods are returned ead within se rh 
of postage/despatch, 


the purchaser's mon of must be refunded. Please retain proo: 
as this may be neede 


Mail Order Protection Scheme 


If you order Cece from Mail Order advertisements in this magazine and pay by post in 
advance of delivery, PRACTICAL ELECTRONICS will consider you for compensation if 
the Advertiser should become insolvent or bankrupt, provided: 

{1) You have not received the goods nor had your money returned; and 

(2) You write to the Publisher of PRACTICAL ELECTRONICS summarising the 
situation not earlier than 28 days from the day you sent your order and not later than 
two months from that day. 

Please do not wait until the last moment to inform us. When you write, we will tell 
you how to make your claim and what evidence of payment is required. 

We guarantee to meet claims from readers made in accordance with the above 
procedure as soon as possible after the Advertiser has been declared bankrupt or 
insolvent. 

This guarantee covers only advance payment sent in direct response to an 
advertisement in this magazine not, for example, payment made in response to 
catalogues etc, received as a result of answering such advertisements. Classified 
advertisements are excluded. 


BACK NUMBERS and BINDERS 


Copies of most of our recent 
issues are available from: Post 
Sales Department (Practical 
Electronics}, Practical Electro- 
nics Magazines Ltd., 16 Garway 
Road, London W2, at £1.40 
each including Inland/Overseas 
p&p. Please state month and 
year of issue required. 

Binders for PE are available 
from the same address as back 
numbers at £5.50 each to UK or 
overseas addresses, including 
postage, packing and VAT. 
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PRINTED CIRCUIT BOARD. SERVICE 


Printed circuit boards for certain PE constructional projects are 
now available from the PE PCB Service, see list. They are fully 
drilled and roller tinned. All prices include VAT and ste and 
packing. Add £1 per board for overseas airmail. Remittances 
should be sent to: PE PCB Service, Practical Electronics 
Magazines Ltd, 16 Garway Road, London, W2. Cheques 
should be crossed and made payable to Practical Electronics 
Magazines Ltd. 
lease note that when ordering it is important to give project title, 

order code and the quantity. Please print name and address in Block 
Capitals. Do not send any other correspondence with your order. 

Readers are advised to check with prices appearing in 
the current issue before ordering. 


NOTE: Please allow 28 days for delivery. We can only 
supply boards listed here. 


PROJECT TITLE Order 
Code 
Spectrum Autosave MAR ‘84 403-01 | £2.90] 


Sustain Unit 405-02 | £2.90 
Audio Signal Generator 405-03 | £4.28 
7 405-04 | £2.90 


MAY '84 


Cross Hatch Generator JUNE "84 


Simple Logic Analyser |! 
EPROM Duplicator 
Alarm System 
Oscilloscope Calibrator 


Comm. 64 RS232C Interface 
Field Measurement 


JULY "84 


AUG '84 
Simple Logic Analyser II 


409-01 
409-02 
409-03 


| Parallel to Serial Converter 


Through the Mains Controller SEPT ‘84 


£2.90 


Logic Probe OCT ‘84 410-01 
Computer DFM Adaptor NOV ‘84 | 411-01 
Ni-Cad Charger DEC 84 | 412-01 


Modular Audio Power System 
FEB ‘85 502-01 | £4.19 
502-02 | £3.69 
Modular Audio Power System 
Heart Beat Monitor—Main Circuit Board 


Pt-1: Power Amp Board 
Pt-2: Pre-Amp/Line Driver MARCH '85 
—Detector 


Spectrum DAC/ADC Board 
Main Board 
Low Cost Speech Synthesiser 


Power Control Interface 
Disc Drive PSU 
Modular Audio Power System 
Pt-3: Test Signal Source 
Power Supply 
Amstrad Synthesiser Interface 
Rugby Clock Pt-2 


’ 


APRIL '85 


CBM64 Music Keyboard 
Keyboard 


JUNE ‘85 506-02 
Main PCB 506-03 | £3.50 
MTX 8 Channel A to D JULY '85 £3.92 
Voltmeter Memory Adaptor 506-01 
Envelope Shaper AUGUST ‘85 508-01 
Car Boot Alarm ' 509-01 
RS232 To Centronics Converter wubtios 
Touch control PSU 
Exp. with Robots (double-sided) OCT ‘85 £ 


Modulated Syndrum 005 £3.80 
CBM User Port Expander £3.93 
Model Railway Track Control 

*Bytebox: ROM Board (double-sided) 


ZIF Socket 

RAM Board 

Battery Backed RAM 

EPROM Board 

“Special Price—Complete set of 5 boards 
Model Railway Rec Board—A 
Track Control DEC’85 Rec Board—B 

Rec Board—B Ext 


NOV ‘85 


Test Load 
JAN ‘86 
Exp. with Robots 
Spectrum Speech 
Synth & 8-Bit 1/O Port (double-sided) 
FEB ‘86 
Burglar Alarm 
Main board 
Bell Driver 
Logic Probe 
Computer Movement Detector 
MAR '86 
Clock Timer 
Fibre Optic Audio Link 
Transmitter 
Receiver 
Set of two boards 
Hardware Restart (double-sided) 


PHONE ORDERS USING ACCESS CREDIT CARD: TEL. 0268 710722 


FREE! READERS’ ADVERTISEMENT SERVICE 


RULES Maximum of 16 words plus address and/or phone no. 
Private advertisers only (trade or business ads. can be placed in our 
classified columns), Items related to electronics only. No computer 
software. PE cannot accept responsibility for the accuracy of ads. 
or for any transaction arising between readers as a result of a free 


ad. We reserve the right to refuse advertisements. Each ad. must be 
accompanied by a cut-out valid “date corner’. Ads. will not 
appear (or be returned) if these rules are broken. 


Pari Model A.T. Electro Magnetic Organ, 
Twin Manual Keyboard only. Swap for 
working V.H.S. Recorder. Tel: 021-360 
8773. 


New Oric MCP-40 Printer-Piotter (Un- 
wanted Xmas Gift) Sorry Auntiel Also 
Taylor 132 Multimeter. Sell—Offers. Or 
Swap. W.H.Y. Mel Saunders, 7 Drumcliff 
Road, Thurnby Lodge, Leicester LES 2LH. 


Wanted: Plug-in Teletext Unit. For Sale, 
50 pounds weight electronics magazines 
£10.00. J, Fulton, Derrynaseen, Dromore, 
Co. Tyrone BT78 3BE. 
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Shugart SS/80T Disc Drive Suitable BBC- 
B. Cased. Upgrading. £60 ono + £3.50 
registered postage. P. G. Holdroyd, 3 
Estelle Way, Wymondham, Norfolk NR18 
OES. Tel: (0953) 604148. 


Telequipment D43 Dual Beam Oscillo- 
scope with Manual £75. Mr. A. Campbell, 
81 Larch Avenue, Bishopbriggs, Glasgow 
G6H 1TB. Tel: 041-772 5280. 


74TTL EX-EQP (Socketted) 15 Various 
for £2. Also some complete boards (Of- 
fers). B. V. Taylor, 189 Hawes Side Lane, 
Blackpool FY4 4AJ. Tel: 0253 695778. 


Wanted: Spectrum Penpal Clubs willing 
to exchange ideas. Sandeep Kapil, 7C-23 
Sangeeta Apts., Bombay 400 054, India. 


Taylor 132 Multimeter, Tamron 80- 
120m, 35-70m lenses. Sell/Swap. Wan- 
ted—Computer, Plotter, D.M.M., PSVs, 
etc. Mel Saunders, 7 Drumcliff Road, 
Thurnby Lodge, Leicester LE5 2LH. 


AVO 8 MK II £50. LFM2 tHz-1MHz A-F 
OSC Generator £50. Hearing Aids £20. 
Polaroid Close-up Lens £5. L. J. Snow, 10 
Goodings Green, Wokingham, Berks 
RG11 1SB. Tel: 0734 790589, 


Lowest possible prices? 
Top quality components? — 
Fast reliable service? 
Large range? 


Pick up a copy of our new 1986 catalogue from any branch of 
W.H, Smith for just £1.45 

Or post this coupon now, to receive your copy by post for just 
£1.45 + 40p p & p. If you live outside the U.K. send £2.50 or 
11 International Reply Coupons. | enclose £1.85 


Name 
Address 


4 
q 


MAPLIN ELECTRONIC SUPPLIES LTD. 

Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. 

Telephone: Southend (0702) 552911 

SHOPS 

@ BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. 

® LONDON 159-161 King Street, Hammersmith, W6, 
Telephone: 01-748 0926. 

® MANCHESTER 8 Oxford Road, Tel: 061-236 0281. 

@ SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831. 

® SOUTHEND 282-284 London Ad, Westcliff-on-Sea, Essex. 
Telephone: 0702-554000 

Shops closed all day Monday. 


